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Large Plastics Parts 
by Research and Design 


A bright future in large molded thermosetting 
parts is forecast as the result of integrated activities 
by materials producers, molding machine builders, 
custom molders, product design engineers, and indus- 
trial designers. 

These factors were brought out at the First Joint 
Conference on Design in Large Thermosetting Plas- 
tics Moldings, held in New York on April 15 under 
the sponsorship of the SPI Committee on Large Plas- 
tics Moldings and the Society of Industrial Designers. 
Attendance topped 150 persons. 

Phenolic and urea materials were stressed. Volume 
applications are seen in room air conditioners, radio 
and TV cabinets, refrigerators, room-cooler cabinets. 
business machine housings, and instrument cases. Cur- 
rently available materials, presses and techniques 
make it possible to produce parts weighing up to 60 
lb, with a draw of 24 in. and an area of 24 in. x 48 in. 
Necessity for proper selection of materials as an essen- 
tial of good design was emphasized throughout. 

A down-to-earth comment by one panel speaker: “I 
don't want to be sold on plastics any more than on 
other materials—I want to be informed.” 

(For related articles see EM 10-51/113 on large 
moldings; EM 6-52/112, 7-52/102, and 8-52/92 on the 
newer phenolics.) 


Summertime 


is Studytime— 


What with special summer seminars, institutes and 
courses, it’s going to be a tough job for design en- 
gineers to stick to the old-fashioned idea that the 
summer months are sacred to light reading. 

Here’s M.I.T. challenging him with a two-week 
program on “Digital Computers and Their Applica- 
tions,” from August 24 to September 4, a course 
“specially designed for those unfamiliar with digital 
computers.” The Whirlwind I Computer and other 
facilities of the Digital Computer Laboratory will 
be available for assigned exercises. 

“Transistors and Their Application,” July 20-31 is 
also sponsored by M.I.T. Purpose of the course is 
to define areas where immediate applications are 
feasible and make some predictions for the future. 
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Still a third course is one on the “Analysis and 
Synthesis of Feedback Control Systems.” June 22 to 


July 3. Enrollment details from the Director of 


Summer Session, Room 3-107, M.I.T. Cambridge 39. 

The growing importance of human-engineering 
considerations and principles in product design is 
reflected in a “Human Engineering Institute,” spon- 
sored by Dunlap and Associates, Stamford, Conn., 
August 3-7. (Details appear elsewhere in this issue. ) 


Mass-Producing 
Zirconium Metal 

Accelerated progress in the past three years now 
makes it possible to anticipate quantity production of 
zirconium this year, according to recent announce- 
ments by the Westinghouse Atomic Power Division. 
Driving force behind this development has been the 
urgent need for sufficient quantities of this metal for 
the first submarine water-cooled nuclear power re- 
actor. Primary reason for needing zirconium: It does 
not absorb neutrons; thus does not interfere with 
the nuclear reactions. Other reasons: Extremely high 
melting point, light weight, corrosion 
excellent structural qualities. 

The Westinghouse process begins with a so-called 
zirconium sponge produced by the Bureau of Mines 
at Albany, Oregon, from zirconium-bearing ocean- 
beach sands. Succeeding steps remove the impurities 
through an_ electrochemical deposition technique 
leading to the production of 4-ft long hexagonal bars 
of pure (99.9 per cent) zirconium metal. These bars 
are then chopped into small pieces, melted into 
ingots, and finally forged and rolled into slabs. 


resistance, 


Aluminum Antimony— 
New Transistor Material 

Another bid as competition to germanium and 
silicon in the transistor and diode fields now comes 
from some of the intermetallic compounds of alumi- 
num, gallium, and indium with arsenic and antimony. 
Research workers in Battelle Memorial Institute's 
Semiconductor and Dielectrics Division say that alu- 
minum antimony in particular may have a_ bright 
future. Reasons: 

1. Electrical properties are at least as interesting as 
those of germanium. 
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RESEARCH HORIZONS 


2. Cost advantage: A 1000-lb lot of aluminum anti- 
mony would not cost more than approximately one 
pound of germanium. 

Aluminum antimony has essentially the same crystal 
structure as diamond silicon and germanium, except 
that its lattice contains two kinds of atoms. As with 
germanium and silicon, both p- and n-types of alu- 
minum antimony can be produced. The room-tem- 
perature electrical resistivity of aluminum antimony 
has been varied by a factor of more than 500,000 
through controlled processing of the material. The 
variation of electrical resistivity with temperature for 
aluminum antimony specimens of various resistivities 
in the range from 0.01 ohm-cm to 500 ohm-cm re- 
sembles that for silicon with various concentrations 
of boron impurities. 

The intrinsic energy gap of aluminum antimony, 
however, is somewhat larger than that for silicon. This 
suggests that it may have advantages over germanium 
and perhaps silicon for high-temperature electrical- 
device applications of interest to the military. 

Both p- and n-type diode rectifiers have been made 
with aluminum antimony. Rectification ratios close to 
10,000 have been achieved with this material in con- 
tact with several different types of metal point con- 
tacts. Furthermore, this work has shown that alumi- 
num antimony can act as an electrical switch under 
exposure to light and can be used to convert light to 
electrical energy. 

The investigations at Battelle were sponsored by 
the Bradley Mining Company, San Francisco, and 
were conducted by R. K. Willardson, A. C. Beer, 
H. Goering and A. E. Middleton. Data for this report 
were provided by Dr. Middleton. 


New Materials 
Out of Old— 


Fascinating facet of extensive research on the 
effects of radiation is that new engineering materials 
may be created, or existing materials transmuted, by 
the use of high-energy radiation. 

It has been reported that gamma radiation from 
cobalt-60 can be employed to initiate certain types 
of chemical reactions. Also reported, is the fact that 
certain polymers when subjected to radiation acquire 
a change in their chemical structure. Example: Ir- 
radiation of polyethylene substantially increases 
cross-linking and produces a polymer with decidely 
different characteristics. 

How soon practical applications? This, of course, is 
still a conjecture. But here’s a straw in the wind: 
Some pretty big manufacturing sources think the po- 
tentialities may be vitally important. 


Built-In Cooling 
for Transistors 

Transistor deterioration in applications where 
operating temperatures approach 200 F may _ be 
overcome by built-in cooling devices. Two such de- 
vices developed by Dr. L. D. Armstrong and Dr. D. 
A. Jenny, at the RCA David Sarnoff Research Center, 
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have made it possible for experimental transistors to 
handle 1 wat power as against approximately 0.05 
watt maximum for uncooled transistors. 

Method No. 1: A junction-type transistor (with- 
out its plastics case) is enclosed within a very small 
metal tank filled with a heat-transfer liquid posses- 
sing suitable dielectric properties, a high boiling 
point, and a viscosity low enough to permit rapid 
circulation. 

Method No. 2: Heat dissipation is provided by 
encasing the transistor within a metal cup that 
offers a relatively wide heat-dissipation area. An 
alternative method is to attach metal cooling fins. 

Both methods were discussed in a paper presented 
at the recent 1953 annual convention of the IRE held 
in New York. 


And Hermetic Sealing 
for Transistors— 


Another approach to the temperature problem in 
transistors is hermetic sealing. According to the 
General Electric Company, transistors can be pro- 
duced that will operate efficiently under tempera- 
tures as high as 212 F and under adverse humidity 
conditions. 

Developed for military applications under a con- 
tract with the Air Force, Navy. and Signal Corps. 
the hermetically sealed transistor, it was announced. 
is also scheduled for mass production this fall at 
G-E’s germanium products plant at Clyde, N. Y. 
Small quantities will be made available shortly to 
interested development laboratories. 

Adequate heat and humidity resistance may have 
been overlooked in the recent rush to transistor-de- 
signed hearing aids. Current clash of controversial 
opinion between manufacturers of these devices 
sharply underscores the problem. 


A Rose by 
Any Other Name— 

What's in a color designation? To an engineer it 
means the identification of a specific color in terms 
of, say, Munsell notations, I.C.I. spectrophotometric 
values, Ostwald notations, or other color systems 
(EM 10-50/104). To sales promotion people it may 
mean the use of a color name that may have a 
merchandising appeal to the ultimate consumer. In 
the field of electrically energized products, this factor 
would have particular cogency in the domestic and 
commercial appliances. 

A current research project, now nearing com- 
pletion at the National Bureau of Standards, will 
provide a voluminous report on color names, syn- 
onyms, and near synonyms. As summarized at the 
22nd Annual Meeting of the Inter-Society Color 
Council in New York on March 18, it will list all 
names that relate to any specific color and_ will 
identify the color in terms of color-system notations. 
The report will most likely be published as a National 
Bureau of Standards circular. 


—A. E. J. 
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EDITORIAL 


Toward the Automatic Factory 


THERE IS MUCH TALK these days about the 
impending automatic factory and its impact 
upon the nation’s economy. How far away 
is the practical application of such ideas? 
Who will design and build the equipment 
and control systems going into such plants? 

We think the development of such sys- 
tems and equipment largely will be the 
concern of our readers rather than plant 
engineers. Included is the equipment de- 
signer and the systems engineer—the man 
who will integrate the individual units into 
a functioning whole through an overall 
control scheme. 

Many of the basic elements have already 
been created in one form or another. In the 
planning stage are chemical process plants 
designed to be run by electronic servo sys- 
tems and computers. A few special machine 
tools have been devised that will produce 
parts automatically from information stored 
on punched cards or tape. The only thing 
holding back wider application is the high 
cost. 

On single parts made in large quantity, 
like artillery shells and automobile cylinder 
blocks, it has been possible to tie in-line 
transfer machines together by conveyors or 
automation equipment to effect continuous 
transport of work. A few outstanding ex- 
amples of how this is done electrically will 
be detailed in forthcoming issues. These are 
not closed-loop control systems but they do 
provide means for stopping the machines 
or lines in case of trouble and means for 
pinpointing the cause. 
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Centralized control is the heart of any 
automatic factory system. In the process 
industries, flow charts have been designed 
using signal lights to show the operating 
condition of switches and motors. The in- 
line transfer machines have central control 
pulpits with pushbuttons and signal lights. 

In an automatic conveyor system, miles 
long, soon to be described, a central control 
board was designed to show by signal lights 
what parts of the system were running. 
Here a series of tap switches wired in with 
limit switches and stop buttons enable any 
open contact to be detected in a matter of 
seconds. A running log of the cause of each 
stoppage is maintained manually. 

The next step is to substitute an auto- 
matic recorder for the human observer. The 
design of such a fully automatic system for 
monitoring trouble at hundreds of points in 
a plant is described in this issue. Through 
coded electrical pulses, data on many events 
occurring almost instantly can be stored in 
an electronic memory, then fed out sequen- 
tially to an automatic printer and annuncia- 
tor. From that point on, supervision be- 
comes human. The next step—and by far 
the toughest one—will be the development 
of self-correcting closed-loop systems which 
will take the necessary corrective actions. 

Automatic handling of work between 


machines (automation) plus supervisory 


control are the basis of the present neo- 
automatic factory. The systems engineer 
will be responsible for a large part of the 
design. 
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British Developments in 


Embedded and 


Printed Circuits 


A review of current thinking and progress, based on recent 


official reports. Possible future auto-assembly techniques 


are discussed and illustrated by means of flow diagrams. 


G. W. A. Dummer 


Telecommunications Research Establishment 
British MINISTRY OF SUPPLY 


THERE IS NO DousT that significant advantages from 
the use of printed-circuit techniques have already 
been established. But there is still a great deal of re- 
search and development to be done in the United 
Kingdom before the application of the techniques can 
be regarded as ready for the mass production line. 
The problem today is not the printing of the wiring 
but the deposition of common components such as re- 
sistors and capacitors. 

It is suggested that if all the Grade II resistors, all 
the low value capacitors (up to 0.01 mf), some in- 


Summary 





The present position in the development and use of 
printed circuits is discussed and some schemes for 
depositing resistors as part of a printed wiring process 
are given. A description is given of a pilot production 
process used for digital computer circuits. For resin- 
embedded circuits the subdivision of units by circuit 
functions is suggested to lie between two uneconomic 
extremes. The results of experimental work on loaded 
embedment resins are tabulated. Measurements made 
on printed and on embedded or cast coils are given. 
Applications of to a 
telemetering unit and to an experimental radar equip- 
ment are shown. 


embedded-circuit techniques 









ductors and potentiometers and all the wiring could 
be produced by a rapid and easy production process, 
this is as far as the technique of printed wiring could 
be expected to go. This will, however, be a major 
contribution, as approximately 50/70 per cent of the 
total components in the average radio or radar equip- 
ment are these items. The main disadvantage of 
printed wiring is that a two-dimensional layout is not 
necessarily the most convenient for subminiature 
equipments while the main advantage of printed 
circuitry is that it lends itself more readily to auto- 
matic assembly techniques discussed later in the re- 
port, and in particular, to auto soldering of com- 
ponents. 

Considerable work has been done over the last few 
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FIG. 1—Die and circuit assembly for the unit-line 
process of producing printed circuits. 
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years both in the U. K. and in the U.S.A. and the 
numerous experimental means of producing printed 
circuits have now become resolved into comparatively 
few practical methods. Only these four are being used 
today in the U. K.: 


Printing and firing on glass plates, using silk-screen 
stencils (for digital computers) 
Offset printing processes using 

pastes (for hearing aids) 
Pressed- and etched-foil methods (for various ap- 
plications) 
Die stamping (coil assemblies) 


colloidal-silver 


Another method (developed experimentally) is the 
“unit-line” heated die-stamping process on plastics 
coated with silver dust. 

The Unit-Line System. In any printed wiring 
scheme, it is essential that a circuit should be easily 
altered. To achieve this flexibility in the printing of 
the lines, a scheme of unit lines has been worked out 
for use with the heated die-stamping system. (In the 
latter system, a metal block with a raised pattern is 
used as the die, an ordinary printer's lineblock being 
suitable.) Silver powder is spread evenly over a lami- 
nated plastics panel and the heated die brought down 
on the surface under pressure. Accurate lining up of 
the press is essential. The silver powder that is com- 
pressed is bonded to the panel, and becomes a dense 
conducting layer. (The surplus powder is brushed off 
and used again.) 

In the experimental unit-line method strips of steel 
345 in. wide and *4¢ in. deep and in various lengths 
are used to make up any type of normal circuit. The 
position of the steel strips can be readily changed to 
alter the circuit. In order to hold the strips in place 
on the die, either a magnetic block or a synthetic- 
resin adhesive may be used. In early work on an as- 
sembly of this kind, difficulty was experienced with 
weakness at the joints. This has now been overcome 
by the use of a slight bevel (approximately 0.005 in. 
on the edges of the strips) where the joints are made 
in the wiring. When the silver powder is compressed, 
some metal is forced under the bevels and the result- 
ing joint is stronger than the single printed wiring 
lines. Lines 0.003 in. thick and 345 in. wide printed 
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FIG. 3—“Preferred-series” resistor values by en- 
graving operations. (Source: Elliott Bros. Ltd.) 
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FIG. 2—Stages in the printed-circuit sprayed-resistor 
method. (a) Drilled glass plate; (b) plate printed 
with silver circuit pattern; (c) resistor rectangles 
applied; (d) components and tubes added; (e) pro- 
tective cover fitted; (f) 18-way socket. (Source: 
Elliott Bros., Ltd.) 


on a phenolic base can carry up to 12 amp before the 
base material blisters; lines printed on ceramic carry 
up to 70 amp before breakdown. In no instance has 
failure occurred at the bevel joint. 

After one side of the plastics plate has been hot-die 
stamped with the wiring lines, holes are punched 
through for insertion of components (with right-angle 
leads). The plate is then turned over and all the 
components hand-fed through the holes. Hopper feed- 
ing of components would be ideal, but presents many 
difficulties. The base of the plate is then dipped into 
a solder bath and the ends cropped off. Fig. 1 shows 
the die and circuit assembly and also a typical circuit. 
(It is not proposed to deal with other schemes of 
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printed wiring as these have been described in other 
literature.) 

The primary printed-circuit problems now are con- 
cerned with resistors. Experimental work is being 
done on three methods in the U. K. to produce printed 
resistors associated with the wiring, as described here: 

1. Printed Circuits and Sprayed Resistors on Glass 
Plates. An interesting process, developed in the U. K. 
by Elliott Bros., Ltd., is one in which silver wiring, 
fired on glass plates, is used in the arithmetic circuits 
of electronic digital computing machines. In a com- 
puter most of the requirements can be met by a large 
number of a few basic circuits and these are printed 
on plug-in glass panels 5 x 3 in. which, together with 
the components, are protected with varnish or sealed- 
in metal covers. The stages in the process are shown 
in Fig. 2. 

The glass plates are jig drilled with diamond tools 
in a standard pattern of 72 holes which are taken as 
the reference points for registering the printing. 
Ceramic plates are equally suitable, but are not as 
easily obtained to the required accuracy of dimen- 
sions. Normal mesh-screen printing is used to place a 
circuit on the pre-drilled plate and the silver paste is 
fired at 575 C. The resistance of the lines on the plate 
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TABLE I - CHARACTERISTICS OF LOADED 
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does not exceed 0.1 ohm and the soldering properties 
are good. A 2-per cent silver-saturated solder is used 
with a solder-gun type transformer using 12 S.W.G. 
silver wire in the secondary circuit as the soldering 
bit. Mechanical adhesion of the silver film is excellent 
and the lines are brought out along one long edge 
to serve as plug connections. On a life test of insertion 
into the socket strip (with a contact pressure of about 
1 lb) failure of the film did not occur until after 35,000 
insertions. Up to 36 contacts are made available by 
using a double-sided socket. 

The complete circuit shown in Fig. 2 is intended to 
be air-cooled by forced draft and is provided with a 
perforated protective cover. Alternatively it can be 
sealed by using a neoprene gasket to bond between 
the glass plate and aluminum dished covers. The unit 
is filled with transformer oil and the temperature 
rise in the components is thus reduced considerably. 

Automatic machines have been developed for deal- 
ing with the problem of resistors. The standardization 
of resistor size as a rectangle 10 mm x 7.5 mm is 
acceptable in computing circuits where the wattage 
dissipation is not high and circuit time constants are 
relatively short. Sprayed carbon-composition resistor 
films have been used in order to obtain an economical 
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FIG. 4—Circuit diagram and layout of applications utilizing aspect ratio resistor techniques. 


equivalent to the conventional composition type of 
carbon resistor. The resistance value of the sprayed 
films is within limits of about +40 per cent when 
hand-sprayed, but the uniformity is improved by 
automatically feeding the carbon dispersion and me- 
chanically scanning the mask. 

Zig-zag engraving is used to multiply the resistance 
value of the rectangle up to a ratio approaching 100 
to 1 (see Fig. 3), so that for some of the computing 
circuits one spraying operation will cover all values 
that are required—for example, 1000 ohms to 68,000 
ohms. This is the equivalent of spiralling cylindrical 
resistors to obtain the desired value. The wattage 
rating is approximately ‘2 watt (approaching 1 watt 
if the engraved multiplication factor is small). The 
zig-zag engraving to produce the correct value of 
resistance is carried out automatically and the re- 
sistor being engraved is compared with a set stand- 
ard by connecting it in an automatic bridge circuit. 

As soon as the correct resistance value is reached, 
a relay automatically switches off the engraving head. 
The operation time is 40 sec and accuracy within 
limits of about 1 per cent. The machine is made with 
multiple heads to adjust all the resistors on a plate at 
once. This can be done economically because of the 
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standardized position and size of the resistors what- 
ever the circuit. The resistors are protected by using 
adequately cured epoxy resin. The change in value 
due to varnishing is of the order of 2 per cent and 
the overall long-term stability is 5 per cent. 

The capacitors used in these units are ceramic and 
it is possible to obtain permittivity values of up to 
10,000 pF in a high-permittivity titanate tablet 0.010 
in. thick in the dimensions adopted (10 mm x 7% mm, 
the same dimensions as the resistors). A series of 
ceramic bodies is selected so that with two thicknesses 
the range of 3 to 10,000 pF is covered in eight steps 
of x 3 and x 10, the lowest permittivity being obtained 
with a common porcelain. Intermediate values are 
obtained by partial silvering as required. The loss 
factor of the high-permittivity bodies is acceptable in 
the computing circuits used. Subminiature tubes and 
germanium diodes are used with air-cored or ferrite- 
potted miniature chokes. Each stage in the process 
described can be carried out at-the rate of one plate 
a minute, so the potential output is considerable if 
the process is operated continuously. 

2. The Use of Aspect Ratio Techniques for Deposit- 
ing Resistors. Experimental work has also been car- 
ried out on a system of deposited resistors using aspect 
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ratio techniques. Instead of attempting to place re- 
sistors of different values in the correct circuit posi- 
tion on the plate, it may be easier to commence with 
the whole of the plastics plate covered with an evenly 
deposited resistor material. Using the aspect ratio 
principle, the correct amount of material can be se- 
lected and the ramaining unwanted material sand- 
blasted or scratch-brushed away. Briefly, the aspect 
ratio principle is as follows: 

The resistance of a solid of uniform cross section is: 


pl 
R= — 
A 


where p is the resistance per unit cube, 1 is the length, 
A is the area of the ends. 
If the film is deposited as a square, then the re- 
sistance is: 
pl Pp 
—— or — 


It t 


where t is the thickness of the film, and the ratio be- 
comes independent of the size of the square. 

It is therefore usual to compare these resistors in 
terms of their values in ohms per unit square. Charts 
have been drawn to enable the size and shape of the 
required resistor to be obtained for various watt- 
ages. (1)* Using an aspect ratio of 10-1 with two 
values of ohms per square (1000 ohms and 100,000 
ohms), the range 100 ohms to 1 megohm can be cov- 
ered. Considerable difficulty was experienced in the 
early stages of the work in making sound electrical 
connections to the carbon film, but success has been 
achieved with the method of die-stamp printing of 
fine silver particles under heat and pressure, de- 
scribed previously, with the addition of a layer of 
thermosetting varnish. Fig. 4 shows a typical resistor 
layout for a servo feedback amplifier, using resistor 
material of 100,000 ohms per square and a layout for 
a 2-stage counter unit. 


The success of this experimental work depends upon 
the production of a resistor film of 100,000 ohms per 
square, accurate all over the surface, but this has so 
far been unobtainable. One of the best methods would 
be by capillary deposition of the film from a roller, 
but spraying methods have been developed experi- 
mentally and working units have been produced by 
this method. 

3. The Use of Metal Film Resistors. Considerable 
experimental work has been done on the preparation 
of very stable resistors by using thin platinum/gold 
metal films on glass plates. It is well known that films 
of 300 Angs units and below, although giving high 
resistance values, are unstable, whereas films above 
this value are stable but have the resistance of the 
mass metal. To increase the value of the resistance 
it is necessary to use fine zig-zag meandering (a form 
of aspect ratio technique) produced either mechan- 
ically or by acid etching processes. The stability of 
resistors produced by this method is better than 1 
per cent and the noise is of the order of 0.02 micro- 
volts per volt. Temperature coefficient is positive and 
is approximately 0.025 per cent per deg C for a mix- 


* Italic numerals in parentheses apply to references at end of article. 
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FIG. 5—Typical four-tube subminiature embedded 
unit. A shows jig assembly in mold; B complete unit. 


ture of 80 per cent gold and 20 per cent platinum. 
Wattage dissipation per unit area is very high and 
operating temperatures can be up to 150 C limited 
only by the soldered end connections. Printed circuits 
have been made experimentally using these resistors 
and with electroplated silver lines. 

The production of resistors by photographic tech- 
niques may lend itself to initial positioning of the 
frames holding the master resistors in the correct 
location relative to the printed conductors. Final ad- 
justment of the value of each resistor is done by mild 
acid etching of the resistor; the value must be made 
slightly low and brought up to the correct value by 
this method. Other simpler methods of adjustment 
have been evolved but cannot be described as they 
are the subject of patents pending. Precision circuits 
using metal-film resistors with printed wiring and with 
other high-quality components may have some advan- 
tages where maximum reliability and circuit stability 
are required. It is also possible to produce by this 
method potentiometers which have the advantage that 
no oxide film is present (as with nickel-chrome and 
other high-resistance metal) so that very low brush 
pressure can be used. Low ohmic value stepless poten- 
tiometers are readily made while stepped potentiom- 
eters of values up to 100,000 ohms have been pro- 
duced. These can also be printed onto the circuit by 
similar techniques. 

The author has suggested that selective etching 
might be used to retain most of the advantages of 
metal-film resistors without the disadvantage of the 
fragility of a glass plate. The metal film is electro- 
plated on one side of a copper foil, and the resistor 
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FIG. 6—Experimental radar synchronizer unit em-ploying embedded circuits. 


pattern is then produced by selective etching of the 
resistor film without affecting the copper. The plate is 
then bonded to a plastics material, copper side out- 
wards,‘ and the wiring pattern etched similarly by 
photographic resists on to the copper foil. This pro- 
duces a pattern of wiring and accurate resistors, after 
the usual adjustment, on a plastics base which is 
light enough for use in aircraft equipments. Experi- 
mental resistors have been made by this method and 
show promise. 

Work is also being done at T.R.E. on oxide-film 
resistors in an endeavor to produce simply printed 
resistors intermediate in accuracy and stability be- 
tween the metal film and the carbon mix types. These 
resistors are mixed oxides of tin, antimony, etc., pro- 
duced by spraying the chlorides of the metals onto a 
hot glass plate suitably masked. The advantage of 
this technique would be the ease of positioning the 
resistors on the glass plate. It should be emphasized 
that this process is in an early experimental stage and 
although resistors have been produced with a stability 
of 5 per cent, very low noise, and with a temperature 
coefficient controlled by the mixture, there is still 
considerable work to be done before the system is 
practicable. 


Embedded Circuits 


A considerable amount of work has been done at 
T.R.E. on the cast-resin embedment of circuits. The 
design considerations, characteristics of principal 
resins, and basic techniques were discussed in detail 
in earlier articles in ELecrricAL MANUFACTURING, 
(2, 3) and, therefore, will not be reviewed again. Some 
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additional comment and data based on T.R.E. experi- 
ence, however, will be included here: 

1. Subdivision of Equipments into Functional Units. 
Each equipment must be subdivided individually, but 
some general rules apply: 

a. A large unit with eight to ten tubes would be 
difficult to make, unwieldy to mount and un- 
economic to discard because of the failure of a 
single minor component. 

b. To divide the same unit into eight or ten single- 
tube units would be wasteful in space and inter- 
connections. Each unit requires tubular inserts 
for mounting, input and output connections, 
heater and plate voltage supplies and up to eight 
connections for each tube. 

c. A reasonable compromise as far as the number 
of tubes is concerned would be units of three to 
five tubes. 

d. Units of the same shape and with identical fixing 
centers are preferable, as they can be mounted 
back to back on the same studding or placed to- 
gether with interlocking tubes (typical assembly 
is shown in Fig. 5). 

e. Considerable economy in wiring can be obtained 
by providing supply points at both ends of an 
embedded block so that voltages can be supplied 
to all units in an assembly by direct and short 
interconnection which need not be included in 
cable form. 

f. Circuit elements requiring special supplies such 
as neon stabilized plate voltage lines can be 
grouped with advantage in a single block contain- 
ing the neon tube, rather than being individually 
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supplied from a neon in a remote power unit. 
g. Brass gauze, preferably silver plated, may be 
used as a screen between components in a block 
when connected to chassis by the nearest tubular 
insert. The entire block may also be screened by 
chemical silvering followed by normal silver or 
copper plating. 

In summary, the division of a circuit into functional 
units requires careful consideration if simplicity of 
construction and maintenance are to be attained. The 
aim is a number of units designed to require the mini- 
mum of interconnections, with tubes and their cou- 
pling components grouped in blocks of similar size. 
Complex shapes should be avoided and the tubular 
insert method of fixing has proved to be the simplest 
and most convenient. 

2. Casting Rubbers. Recently, rubbers have been 
modified by a thermo-chemical treatment to form a 
high-viscosity liquid; these are known as de-poly- 
merized rubbers. The liquid is poured or, more 
usually, spooned into a mold and heated for 1 to 4 
hr, depending on size, at about 120 C. It sets into a 
typical rubbery solid which has excellent electrical 
and mechanical properties within the temperature 
range —40 C to +100 C. This material can be used 
for sealing the backs of miniature plugs and sockets 
where a solid material is unsuitable because it de- 
stroys the “float” so necessary in the pins to allow 
mating between pin and socket. For this use, the plug 
is mounted on a simple tinplate mold, the connections 
taken out and tags inserted into a panel of liminated 
glass-fabric phenolic material. The liquid rubber is 
poured into the mold, placed in an oven and cured. 
When it has jelled the mold is stripped off. 

Such an assembly has successfully withstood a stand- 
ard humidity test for a period of 84 days. At the 
completion of this test, the insulation resistance be- 
tween pins was greater than 50 megohms. 

3. Characteristics of Loaded Casting Resins. One of 
the disadvantages of the solid casting resins is that 
their expansion rates are some four or five times that 
of metals commonly used in the components and as- 
semblies. It is now generally known that the inclusion 
of inorganic fillers such as mica, slate, chalk and 
glass, bring down this expansion rate, sometimes as 
much as 25 per cent. A number of tests have been 
made at T.R.E. to find the best type of filler and the 
best proportion of this filler to the resin. This propor- 
tion is important because too small a percentage of 
filler will not give a homogeneous mixture, whereas 
too much will cause a severe falling off in mechan- 
ical strength. 

Tables I and II give the mechanical and electrical 
characteristics of typical resins of the polyester and 
epoxy family, both in their loaded and unloaded 
forms. The most useful filler with the polyester resin 
is mica. This lowers the expansion rate three or four 
times that of metal and at the same time improves 
its electrical characteristics without a serious falling 
off in mechanical strength. With the epoxy resin. cal- 
cium carbonate gives the best combination of elec- 
trical and mechanical properties. 

4, The Application of Embedded Circuits to Radio 
Telemetering Equipment. In radio telemetering equip- 
ment where space is at a premium, the utmost minia- 
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turization must be achieved and the components are 
therefore mounted in a jig assembly with the mini- 
mum spacing of %, in. between components. Top 
and bottom mounting plates, usually of Perspex 
(acrylic sheet) are drilled to the required pattern. The 
brass tubular inserts are placed in position forming 
a rigid box assembly. The components are then de- 
greased, the leads cut to the correct lengths and in- 
serted between the mounting plates. Intercomponent 
connections are now made, bare wires being used 
where possible. Where insulating sleeving is neces- 
sary, varnished cotton sleeving has been found to be 
compatible with the resin. A typical assembly contain- 
ing four rows of components is shown in Fig. 5. 

A mica-bonded polyester resin is prepared (25 parts 
of 200-mesh mica flour by weight), and air bubbles 
are removed from the mixture by allowing it to stand 
for a little time. The jigged components are placed 
in the mold (usually polyethylene) and the syrup 
poured over them, care being taken to avoid trapping 
air under the plates. The mold should be tilted from 
side to side to assist the escape of air. A short time 
under vacuum, although not essential, will ensure that 
no air is trapped. Allowance should be made for the 
shrinkage which occurs from the transition from the 
fluid state to the jell, this being of the order of 14, in. 
drop in level for a mold about 3 x 1 x % in. Poly- 
merization should be complete within 3 to 4 hr, when 
the block may be withdrawn from the mold. 

Shrinkage during curing is small, being of the order 
of 7 parts in a 1000 (linear) during the following few 
days at room temperature. The subminiature tubes in 
their tubular holders are mounted externally and con- 
nected to the protruding component tags. The com- 
plete unit illustrated in Fig. 6 weighs 109 gm. of 
which one-third is resin, one-third tube holders and 
one-third components and tubes. The pressed silver 
dust technique is being used to print the top and 
bottom plate wiring connections for the jig assembly, 
extending the top plate to include the wiring for the 
subminiature tubes. It is then hoped to use solder 
dipping to make all the soldered connections before 
the unit is finally potted. 

5. Embedded Circuits in Experimental Radar 
Equipment. The present accepted technique is air- 
borne radar equipment is to seal or pressurize com- 
plete units, such as transmitter units, synchronizer 
units, scanner units and power units. Some of these, 
such as synchronizer units where low voltage only is 
used, lend themselves to embedded circuit techniques; 
Fig. 6 shows an experimental equipment constructed 
by means of these techniques compared with present 
sealed techniques. The main advantage of this unit is 
that it runs cooler, needs no fans or blower motors 
and all components except tube bases are protected 
by sealing in embedded units. Advantage is taken 
of existing sealed components, such as transformers, 
chokes, relays, capacitors, which are mounted directly 
on the flat chassis. The remaining resistors, capacitors, 
etc., are subdivided into circuit functions, and con- 
nected to the appropriate tubes. Casting rubber is 
used to seal the backs of the multi-way sockets. Poly- 
tetrafluoroethylene tube sockets are used which are 
moisture-resistant but the use of subminiature wired- 
in tubes would avoid these. 
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AUTOMATIC ASSEMBLY SYSTEMS—‘“A” shows a possible arrangement based on the unit line-print- 
ing technique in which it is possible to make circuit changes. ““B” shows a flow diagram using the aspect 








1 = Flexible processe 
' Fi i Ss 
' 






ratio technique in which wiring position and resistor values can be changed. “C” shows the sprayed re- 
sistor process with automatic adjustment of value and with mesh printed wiring. 


SOME OF THE PRINTED-CIRCUIT SCHEMES can be seen 
to be approaching the position where automatic 
means may be used to produce some 50 to 70 per 
cent of the complete equipment. Typical systems are 
shown in the flow charts above. With present day 
manufacturing methods, the primary manufacturer is 
usually supplied with a large proportion of the com- 
ponents by specialist manufacturers, and assembles 
these in a chassis of his own layout and design. It is 
important to bear in mind that the components are 
made elsewhere, and should be considered as part of 
the total production processes. 

These diagrams show the stages in which the posi- 
tion of the circuit wires and the value of the re- 
sistors, as well as other components, can be changed. 
The stages at which changes can be made are shown 
in dotted lines and the continuous processes in con- 
tinuous lines. All these systems require insertion of 
other components as in normal assembly techniques 
and the development of automatic feeding, testing 
and positioning of components still presents many 
difficulties. To provide flexibility it is better for all 
continuous processes to be in distinct operational 
stages than to be an interdepartment continuous flow. 

In any mechanization process, there is always a 
balance to be struck between the cost of manual and 
automatic processes, related to the quantity required. 
All automatic assembly processes in general require 
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a large “through-put” in order to be economic, and 
the product ake a long life so that replacement 
spares are not a problem. The demand for these 
quantities can be created by rationalizing the needs 
of several users and types of equipment by either 
informal or general standardization. This objective 
can also be reached by providing inherent flexibility 
in the design and processes so that minor modifica- 
tions and evolutionary changes can be introduced. 

Automatic processes, such as those described in 
this report, should preclude testing after assembly; 
there should be no possibility of errors in the assem- 
bly processes. For example, printed wiring eliminates 
wrong connections. This means that components pro- 
duced by the process must be inherently reliable as 
prior selection is not possible. Added components 
must be tested before assembly. 

Continuous automatic assembly processes provide 
ideal conditions where drift in any process can be 
seen and corrected. This means that acceptance lim- 
its can be more easily adhered to as corrections can 
be made before the limits are exceeded. Random 
variations are less probable and the overall reliability 
and maintenance of tolerances are therefore im- 
proved. This is the converse of separate assembly 
processes where any operation can produce a change 
defect. 
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Fig. 7—Experimental printed coils. 


Printed Coils. The stray field associated with a flat 
or printed coil usually limits the diameter of such 
coils to approximately 1 in. As it is difficult to print 
or etch very large numbers of lines to the inch, the 
minimum diameter is usually of the order of *% to % 
in. Assuming lines are printed 0.03 in. in width with 
a 1:1 line/space ratio, then allowing % in. at the 
center for connecting the coil to the circuit, the re- 
sulting coils will have seven turns. This factor will 
limit such coils to the 30-100 megacycle band. Stack- 
ing of a number of coils would extend this range 
downwards, but dielectric losses in the usual base 
materials (laminated phenolic, glass fibers, etc.) limit 
the use of these coils at very high frequencies. Typical 
results on a number of printed coils (Fig. 7) are given 
in Table III. 

It will be seen that the Q compares unfavorably 
with that of a normal coil (about 250-300 at 110 mc). 
This loss is possibly due to “edge effect.” It is difficult 
to print or etch a perfectly clean edge and if the 
current flowing in the skin of a wire conductor is 
compared to that flowing in a printed coil, the r-f 
resistance or loss is considerably greater in the rough- 
edged printed coil, resulting in lower Q values. This 
is not necessarily bad in all systems. In television and 
some pulse systems, a wide band width is required 
and the printed coil can give this without the use of 
an additional shunt resistor. The Q of the printed 
coils, although low, is repeatable in production. Where 
it is required, a printed coil may be adjusted by back- 
ing with either an iron-dust powder (to increase the 
inductance) or by metal powder (to reduce the in- 
ductance). Probably the best method of producing 
multiturn coils is the etched foil system, which is 
capable of more accuracy that other systems. 

Embedded Coils. The power factor of unloaded 
resin is considerably higher than that of polyethylene 
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or polystyrene and therefore when an inductor is en- 
closed in a casting resin there is a loss in the Q factor. 
The embedding of inductors may enclose the whole 
of the electric field within the resin. Experiments to 
date show that this loss will not be excessive if the 
resin has been completely cured, but during the 
semicured state of the resin, the QO will be low and 
unstable. ooaa 
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Castings 


Increasing use of this well-established production 


method reflects recent improvements in methods and 


techniques that enhance the competitive 


position of the investment casting process— 


given point by some recent examples. 


AVAILABLE as an industrial fabricating process for about 
ten years, the investment casting process has now 
reached a level of acceptance and stability establishing 
it as a primary fabricating method for certain types 
and sizes of parts. The growth of the field has been 
aided in recent years by military demands for turbine 
buckets for high temperature service. These demands 
have involved large numbers of parts of intricate de- 
signs in metals difficult to cast; added experience and 
facilities required for this field have reduced costs and 
extended the range of practical applications in indus- 
trial fields. For parts that only recently were too expen- 
sive, many are now lower in cost when produced by 
investment castings. 

The various processes and their characteristic advan- 
tages and limitations have been too well presented 
elsewere® for repetition here. Designation of the proc- 
ess has fairly well stabilized on the term “investment 
casting” which denotes a casting cavity in one piece 
with no parting line interruptions. The mold cavity is 
formed by a ceramic slurry applied around a dispos- 
able pattern which is extracted by heat or other means. 
Cost advantages generally become more favorable with 
decrease in size and with multiple-part casting with 
“trees” of patterns. As carefully stated on page 12 of 
the book cited below, 

“The competitive overlap of the investment process 
with other techniques is apparent when the factors are 
all correlated. Each field may be affected in only a 
very small area of total application. Investment cast- 


* For the most recent text on this subject see ‘Investment Castings for 
Engineers,” by R. L. Wood and D. Von Ludwig, Reinhold Publishing Corp., 
New York. For a review of this book see January 1953, page 240. 
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ings cannot compete on a price basis with die castings, 
except under very limited conditions. Large investment 
castings are not as accurate as large die castings of 
aluminum or magnesium alloys. There are many large 
thin parts produced in pressure dies which could never 
be economically investment cast. There is an overlap 
in the small part sizes where a heat-treatable grade of 
aluminum or magnesium is required. This makes the 
use of an investment part mandatory. Otherwise, a 
careful evaluation of too costs against quantities re- 
quired may be necessary to establish the point of 
economic division.” 

Basically, investment casting is just another foundry 
process that differs from others primarily because of 
the disposable pattern. A second basic feature is the 
ability to transfer detail and tolerances of soft wax or 
frozen mercury patterns onto materials difficult or 
impossible to machine. 

While a wide range of materials can be used in this 
casting method, “castability” is the primary character- 
istic required; response of the metal to machining, 
heat treating or additional forming operations must be 
secondary. Metals most generally used include specific 
grades of magnesium and aluminum, a wide range of 
copper-base alloys; stainless steels of the 300 and 400 
types; tool steels and hard alloys; and a number of 
nickel-base alloys. 

Design advantages as reflected in the “case histories” 
shown here, are often dependent on freedom from 
machinability limitations. The disposable pattern is 

(Continued on page 96) 


SEE NEXT PAGE FOR CASE HISTORIES 








Solenoid-operated Gasoline Valve 


THREE ALUMINUM CASTINGS and 
one solenoid enclosure of high- 
permeability steel make up this 
electrically operated gasoline valve 
for aircraft service. Former design, 
shown at left above, used sand 
castings and weighed 3.0 lb; with 
all four parts investment cast the 
weight was reduced to 1.9 Ib. Yet 
the overall cost is the same since 


savings in machining costs and eli- 
mination of rejects more than cov- 
ered the added cost of the invest- 
ment casting process. 

Weight savings were largely the 
result of using reduced section 
thickness made possible by the 
investment casting process, as il- 
lustrated in the section view at left 
below. 


For the nickel alloy casting used 
for the solenoid case, the desired 
magnetic properties were obtained 
without having to machine the part 
from bar stock. As seen below, 
the only machining operations re- 
quired were drilling and tapping 
the mounting holes. All four cast- 
ings were made by Precision Metal- 
smiths, Inc., Cleveland. Ct 
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IN THE AUTOMATIC CUTTING and 
welding machines designed to pro- 
duce lead-in wires for electric light 
and photo flash bulbs, the small 
weld arm jaws shown in Fig. | 
caused continual trouble. They en- 
counter high temperature, galling, 
spark erosion, abrasion, weld spat- 
ter. In spite of shutdowns for clean- 
ing, they required frequent replace- 
mént, and it took seven machining 
operations to make the tool steel 
jaws. 

Production engineers asked the 
Bayonne Works of International 


Tiny 
Ratchet 


BOTH OF THE HOLES shown in this 
drawing are included in the casting 
in this tiny part (1000 to the Ib) 
for an electronic instrument made 
by Airtron, Inc., Linden, N.J. The 
part functions as a ratchet, and is 
used as-cast except for sizing the 
larger hole, grinding off the gate 
and tumbling. Casting is about a 
third of the estimated cost of ma- 
chining the part from the solid, and 
the mold cost is less than the tool 
cost for machining. Parts as pro- 
duced by Adapti Co., Cleveland, 
are cast of Type 303 stainless steel. 
Wax patterns are used, joined in a 
tree incorporating 270 pieces U U UO 
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Weld Arm Jaw Precision Cast 


Nickel Company for a_ precision 
cast part. At the same time, they 
decided to try a different alloy, 
“S” Monel—hard, non-galling, heat- 
resisting. As precision cast of “S” 
Monel jaws cost 20 to 25 per cent 
less than the former steel jaws, 
and seldom need shutdown for 
cleaning off weld spatter. 

Wax molds are assembled in the 
tree shown in Fig. 2 with 180 parts 
produced in a single casting. Oper- 
ator is shown touching up rough 
spots before dipping in sodium 
silicate facing material. 
















The process can accommodate 
a wide range of high-melting-point 
alloys. Standard tolerances are 
0.005-in. per in., even closer on 
pieces under %4-inch, and on spe- 
cial order. Recommended limits in- 
clude weight, 3 Ib or less; size, 6- 
inches long, or less, 5-inches wide, 
or less; heaviest section, 1l-inch 
thick; lightest section, 0.035-inch. 
Angles can be held to 4% deg; mini- 
mum hole length is 3 times the 
diameter; blind holes cast to a 
depth equaling the width. 0 © 
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Adjustable Dashpot Castings 


THESE THREE INVESTMENT CASTINGS 
are used in the trip adjustment as- 
sembly at the lower end of each 
pole of the Allis-Chalmers G-50-A 
air circuit breaker. All three parts 
are cast of aluminum bronze by 
Howard Foundry Company, and 
together form the dashpot for con- 
trolling the overload trip setting. 
The upper cup housing (left) is 
held to the breaker frame by the 
lower cup (center) under clamping 
pressure from the bar (right). To 
adjust, a wingnut on the bar is re- 
leased and the upper cup rotated 
until the desired trip setting ap- 
pears behind the stationary pointer. 


vert rotation into axial adjustment 
of the dashpot chamber when the 
upper cup is rotated. These threads 
are cast to finished size, and the 
two parts mate without any ma- 
chining. Both parts would be im- 
practical to produce by any other 
method; the investment casting 
process provides a mechanically 
simple and low cost method of ob- 
taining a wide and precise range 
of adjustment of overload setting. 

The breaker shown is a metal-en- 
closed electrically operated breaker 
for 600-volt a-c service. Dashpot 
adjustment covers a range of trip 
settings from 100 per cent to 200 


Mating threads on the cups con- 


(Continued from page 93) 

easily “machinable” regardless of the machinability of 
the castings. If the part requires a material of poor 
machinability, the pattern can be readily machined; 
or if the piece requires a form assembled from two or 
more parts the pattern may be assembled to provide 
a one-piece cast part. 

Fundamental design rules that aid in getting good 
results are: 


1. Eliminate nonfunctional mass. 


2. Avoid heavy masses that must be filled through 
thin sections. 


3. Fillet or taper all section changes. 
4. Keep finish stock between 0.010 and 0.025 in. 
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per cent of rated current. UO | 


5. Do not cast details that can be economically pro- 
duced by machining. 


6. Avoid extensive flat or curved uniform surfaces. 


7. Keep section thickness differences under 5:1 un- 
less well tapered. 


Cast holes, cores and cored passages are subject to 
practical limitations by the casting processes. Mini- 
mum wall thicknesses, cast threads, serrations, and flat 
areas also place practical restrictions on design. Draft 
is often unnecessary. 

Location of parting line in the wax mold is one of 
the major factors determining tolerances in a design; 
location of gating area is also an important factor in 
controlling density and casting distortions. 


ELECTRICAL MANUFACTURING 





THIS SMALL PART was required to 
perform a number of functions in 
an electrically driven piece of ord- 
nance apparatus built by Westing- 
house Electric Corporation. Oper- 
ating in a confined space, the 
guide’s physical shape was limited 
by design requirements and little 
consideration could be given to 
manufacturing problems. The over- 
all size of the piece was roughly 
2 in. in each direction and the total 
weight was 0.3 Ib. 

Machining from the solid and 
from a rough forging were initially 
considered. In each case, costs were 
high and the part had to be made 
as a two-piece assembly. But the 
part is investment cast of alloy 
steel in one piece at a cost of just 
about half that of the next best 
method. All tolerances can be held 
in casting except for location and 


Guide for High-Speed Drive 








mensional control is maintained by 
locating these holes on the as-cast 
working surfaces of the piece. Thus, 
overall functional accuracy is bet- 
ter than could be held by the cast- 
ing process, even though no ma- 
chining is done on the working 


This part operates intermittently 
at high speed, and inertia loads on 
both the part and the drive mech- 
anism are high. The high strength 
and minimum mass of the invest- 
ment casting are additional bene- 
fits obtained from the precision 






diameter of eight holes. Close di- — surfaces. 


















FORMERLY A CHROME-PLATED ZINC 
DIE CASTING this pressure plate for 
the Movie-Mite projector was 
changed over to an investment 
casting of Haynes Stellite with a 
saving of over 40 per cent. Because 
of the abrasive action of motion 
picture film, chrome-plated parts 
had to be replaced frequently; in- 
vestment-cast plates of wear re- 
sistant cobalt-base Stellite are ex- 
pected to last for the life of the 
machine. 


Dimensional tolerances as cast are in the range of 
0.002 in. per in. for lower temperature nonferrous 
alloys; increasing to about 0.005 in. per in. for higher 
temperature alloys. It is seldom possible to cast parts 
to a tolerance of 0.001 in. 

Many other practical factors are involved in making 
effective use of investment casting on a cost reduction 
basis. Some of the factors are undergoing change as 
a result of increased military demands, and may today 
indicate a cost advantage for the investment process 
where an earlier evaluation was against it. Suppliers 
of investment castings should be consulted in arriv- 
ing at the final decision, preferably while the design 
may still be changed to take full advantage of the 
process. OOo 
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Pressure Plate for Projector 





casting method. ooo 
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Monitoring 
System 


Provides Centralized Control 


Abnormal conditions of automatic equipment at hundreds 


of points in a power plant or automatic factory are 


observed, annunciated and recorded by this system which 


) 


accepts up to 25 coded signals in 1/3 sec in a memory 


bank and then reads them off at printing speed, 


in proper sequence to an automatic printer. 


R. G. Roback, Project Engineer, 


Tater & Cooper, Inc. 


MONITORING DEVICES are vital parts of the equipment 
designed for automatic production in industrial, chem- 
ical and power plants. Whenever abnormal conditions 
occur, these devices operate to start corrective action. 
On modern equipment lines, many variables require 
monitoring. Temperature, pressure, speed, voltage, 
current, weight and dimensions are examples of proc- 
ess variables. 

Whenever a monitoring device operates, an elec- 
trical signal is dispatched to some central control sta- 
tion. It is often desirable to maintain a printed record 
of these signals. The Sequential Automatic Data Re- 
corder and Annunciator is made by Taller & Cooper, 
Inc., for this purpose. As presently designed, this 
recorder is suitable for groups of equipment having 
up to 700 monitoring points. All of these devices are 
connected to the central control station, Fig. 1. This is 
a desk which includes an annunciator panel and auto- 
matic printer. 

At times, as many as 20 or 25 of the monitoring 
devices or “trouble contacts” may operate in rapid 
succession. In such cases, a printing mechanism would 
be unable to record the action unless some means of 
metering the electrical signals were provided. There- 
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fore, in this recorder input signals are metered, i.e., 
coded, stored in a capacitor memory, then released 
to the printer at a slower rate. 

The basic functioning units involved in a sequential 
operations recorder are shown on the block diagram, 
Fig. 2. The units are as follows: 

A. Trouble Contacts. These are external to the 
equipment and are associated with the protective 
elements whose operations are to be recorded and 
annunciated. Numbered among protective elements 
are thermostats, circuit breakers, pressure switches, 
tachometers and other such devices that are sensitive 
to the process or equipment variables. The closing 
of any trouble contact completes a circuit to the 
coding relay associated with it. 

B. Coding Relays. The coding relays perform three 
functions: (1) When a coding relay is closed, a cir- 
cuit is completed to the annunciating system if the 
particular trouble requires an alarm. (2) Energizing 
or de-energizing any coding relay sets up momentary 
pulses of a particular code associated with this relay. 
The pulses are fed to the capacitor memory section 
and provide a means of resolving the circuit identify- 
ing number into the binary code. (3) A pulse is fed 
to the memory selector with every operation of a 
coding relay. This pulse operates a selector switch 
advancing the memory selector one step for each 
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FIG. 2—Block diagram of the Sequential Auto- 
matic Data Recorder and Annunciator. There is 
one coding relay assigned to each set of trouble 
contacts. The one electrical signal caused by clos- 
ing of a set of contacts is transformed into a group 
of pulses by the coding relays. 
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SECTION neem Ole ns 


ANNUNCIATOR 
SYSTEM 


FIG. 1 — Control 
desk for monitoring 
system has annunci- 
ator panel at left 
and printer at right. 
From this station, 
operator can observe 
electrical signals 
from as many as 
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ae 700 sensing devices. 
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" operation, thereby readying an unfilled memory bank G. Decoding Section consists of a relay matrix or 
for the next operation. flip-flop arrangement operated by thyratron tubes. 

e C. Annunciator System. This may be a bell, light, | Essentially, its primary function is to convert the 

e colored card or other such audible or visible alarm. binary code stored in the capacitor memory section 

d D. Memory Selector. Usually a telephone-type step- back to the identifying number associated with the 

S ping switch, Fig. 3, is employed as the memory se- coding relay whose operation is to be recorded. 

, | lector. With each “step” of this relay, a circuit is com- H. Programmer. Provides a positive means of se- 

e pleted between a coding relay and a group of capac- _— quentially operating the various selection cycles. 

g | itors in the memory section. I. Print Wheel Selector Switches are set up by the 

e E. Capacitor Memory Section. This section consists operation of the decoding section. The 16 rotary print 
of 26 banks of capacitors whose purpose is to store — wheel selector switches set up each print wheel in 

e the operation information sequentially as it occurs. the recorder to the desired designation. When the 

r- This provides a temporary means of storing informa- selection cycle has been completed, a print occurs, 

e tion until such time as the printing section is prepared accompanied by audible and visual signals as well as 

g to receive this information and record it. automatic illumination of the chart. 

'y F. Sequential Memory Read-out. The main element J. Recorder. This device contains the mechanisms 

y. | in this circuit is a rotary stepping switch that con- for printing, ink feeding and automatic paper in- 

mn nects the decoding section to the memory at a rate _—_dexing. 

y- that the printing section can follow. As each bank of ; oh 

d the memory section is read-out, the rotary switch auto- Operation of Coding Relays 

a matically advances to the next memory bank until all When tripped by closing of the trouble contacts, 

th coded information has been extracted. Then, the read- the coding relays provide the means for introducing 

th out section comes to rest. an identifying number into the memory section in 
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FIG. 3—Twelve-level, 26-step rotary stepping switch 
acts as the memory selector. Each time this switch 
shifts one step a group of capacitors is connected to 
the contacts on a coding relay. FIG. 4—Coding relay 
has ten sets of contacts, six of which are designated 
as coding contacts. All of the six contacts are not 
necessarily operative. The number of contacts con- 
nected to the memory capacitors depends on the code 
assigned to that particular relay. FIG. 5—Schematic 
representation of one set of Form D relay contacts 
used for coding. Since contacts are arranged for 
make-before-break, code signal is a momentary pulse. 


binary code. The coding relay, Fig. 4, is a plug-in 
unit having a 20-pin octal base. All coding relays are 
interchangeable. Each coding relay contains eight 
sets of Form D (make-before-break) contacts; one set 
of Form A (normally open) contacts and one set of 
Form B (normally closed) contacts. Opening of the 
Form B contacts introduces a series resistor in the 
coil circuit when the relay is energized. This resistor 
serves to limit current and prevent overheating. The 
Form A contacts are used for the annunciating system. 

A schematic representation of the make-before- 
break contact arrangement is shown in Fig. 5. The 
eight Form D contacts provide a group of momentary 
pulses when the coding relay opens or closes. The 
duration of these pulses is in the order of 2 milli- 
sec. These pulses serve three functions: (1) One set 
of Form D contacts is commonly connected with simi- 
lar contacts on all coding relays so as to provide a 
pulse to operate the memory selector switch for each 
operation of any coding relay. (2) Another set of 
Form D contacts is connected with the coil circuit of 
the relay to distinguish between the opening and clos- 
ing of the coding relay. (3) The other six Form D 
contacts are used to introduce pluses into the memory 
section for identifying the particular relay operation. 


Memory and Coding Methods 


Capacitors are used as memory devices, Fig. 6. 
The electrical signals from the coding relays charge 
these capacitors, which are maintained on open cir- 
cuit until such time as the information is to be 
transmitted. Then, by closing appropriate circuits the 
capacitors are discharged into the read-out devices. 

To identify the operation of one of possibly several 
hundred coding relays, a capacitor memory capable 
of sequential input and read-out can be devised. By 
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utilizing three of the Form D contacts on each relay, 
three simultaneous pulses are emitted for each opera- 
tion of a coding relay. These pulses actually represent 
the code number assigned to the particular relay. 

In a given system, 10 capacitors may be available 
for the units digit; 10 capacitors for the tens digit and 
five capacitors for the hundreds digit. With this 
number of capacitors, any code number from 0 to 
499 can be memorized by charging one of the unit 
capacitors, one of the tens capacitors and one of the 
hundreds capacitors for an operation of a given cod- 
ing relay. As an example, operation of coding relay 
284 would cause charging of capacitor 4 of the units 
group, capacitor 8 of the tens group and capacitor 2 
of the hundreds group. 

After each operation of a coding relay, its entire 
memory channel of 25 capacitors must be removed 
from the common input to prevent the operations of 
other coding relays from being impressed upon the 
same memory channel. Another channel of capacitors 
must then be placed in position to receive coding 
relay information. 

Let it be assumed that in the most extreme case, 
26 relay operations will have to be stored pending 
conversion of this information into a printed record. 
Even when there are 400 or more control variables 
being monitored by the system, this is a logical as- 
sumption since a coding relay operates only for an 
abnormal condition or return to normal. A 26-channel 
memory can absorb 26 faults occurring within a small 
interval of time. 

Since 25 capacitors are required per channel and 
the equipment is to have 26 channels, the total num- 
ber of capacitors needed in 650. The inpuut lines to 
each channel also number 25 and the output involves 
the same. Such a memory device is straightforward 
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and would operate successfully. This decimal type of 
memory, however, is far larger than that needed if 
the binary system were used. Accordingly, this system 
is furnished with a binary capacitor memory. 


Binary Capacitor Memory 


The binary system of counting is widely used in 
computors since it requires substantially less equip- 
ment than the decimal system. This system is so 
named because it employs counting units in the form 
of powers of two. The general form of this binary 
code is 2" where n takes on any value from zero to 
infinity. If n is allowed to vary between 0 and 8, nine 
values of 2" will be determined, namely: 1 2 4 8 16 
32 64 128 256. By selecting any or all of these num- 
bers and adding them up, it is possible to arrive at 
every number between 0 and 512. For the number 
284 which was used in illustrating the decimal mem- 
ory, it is seen that 


256 + 164+ 8+ 4 = 284 


No other combination of the nine binary digits will 
vield such a result. 

If this binary system is now incorporated into a 
sequential capacitor memory, only nine capacitors 
would be needed instead of the previous 25. Assum- 
ing that each type of memory would retain the same 
number of channels (26), then the binary memory 
would require only 234 capacitors or slightly more 
than % the size of the decimal memory. Further- 
more, this binary memory is capable of distinguishing 
between 512 coding relays rather than the 499 of the 
decimal system. 

By adding one more power of n to the binary sys- 
tem the capacity of possible numbers will double. In 
this ‘case, if 2° were added to the system, this addi- 
tional line will increase the binary memory range from 
512 numbers to 1024. Thus, it is evident that the 
larger the memory becomes, the more efficient the 
binary system is when compared to the decimal 
system. 

The binary system does present some complications. 
For instance, a special method of adding the binary 
digits must be devised to reconvert the stored informa- 
tion to usable form. Also, in using the binary memory 
in the automatic recorder the number of Form D 
contacts needed on the coding relays must be in- 
creased above three to accommodate code numbers 
involving more than three binary digits. 

Since there are 512 combinations available with a 
9-digit binary memory and assuming that only 400 
combinations are required, all code combinations are 
so chosen that a maximum of six binary digits out of 
the nine available are used per coding operation. 
There are over 400 code numbers available in this 
binary group that can be completely identified by 
using any combination of the nine lines taken six at 
a time or less. This is done to limit the number of 
Form D contacts needed on the coding relay to prac- 
tical limits. If a recorder is to have a larger capacity, 
another binary digit (2°) would be added. In this new 
binary system, there will be over 700 combinations 
using six digits or less. 

It is advantageous to name the nine binary digits, 


1A, 2A, 4A, 8A, and 1B, 2B, 4B, 8 B, and 16B re- 
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The Sequential Automatic Data Recorder and 


Annunciator features three control innovations 


Capacitors for memory 
Rotary stepping switches for coding 


Flip-flop relay circuit for computing 





spectively and to add the A’s and B’s individually. As 
an example, one of the coding relays may use all six 
coding contacts and they may be connected to lines 
2A and 4B of the A group and lines 1B, 2B, 4B and 
8B of the B group. In naming this particular code ar- 
rangement, simply add the code designation numbers 
of each group thus: 


2+4—6and14+2+4+4+4+8=15 
The complete code and number for this particular 


type of connection is given as 6 — 15. The significance 
of this type of designation will -be appreciated later. 


Memory Input 


To operate the memory selector, the pulse from the 
Form D contact is fed directly to the grid of a thyra- 
tron, tube each time a coding relay opens or closes. 
This triggers the thryatron, which in turn operates 





FIG. 6—Rear view of bank of capacitors in memory. 
Massive wiring harness connects individual capacitors 
to input and read-out stepping switches. At top is a 
part of the programmer. Sockets at bottom are for 
plug-in relays. 
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the memory selector rotary stepping switch. This 
switch is advanced only one step because the inter- 
ruptor contacts of the rotary switch, Fig. 7, act to 
extinguish the thyratron. The operation of the step- 
ping switch introduces a new set of capacitors into 
the coding lines to permit the storage of the next 
operation. This operation is performed at a high speed, 
independent of the relatively slow operation of the 
printing section. The 26 memory banks can be filled 
in approximately 1% sec. 

A tenth bank of the capacity memory section is 
used to store information as to whether the operation 
to be recorded is a trouble or a return to a normal 
condition. This is accomplished when the on-off Form 


MEMORY SELECTOR 
26 - Position 
stepping switch 


MEMORY READOUT 
26- Position 


Stepping switch 
MEMORY 9 


CAPACITORS 


To 
decoding 
section 


/nterruptor 
contocts 





D contact is connected to the trouble contact input. 
Therefore, a pulse is present only when this particu- 
lar coding relay is energized by the trouble contacts. 
This pulse is used to fire a thyratron which in turn 
charges the tenth bank of the memory section. This 
bank of capacitors is not charged when the coding 
relay is de-energized. 

The memory selector rotary switch is a 12-level, 
26-step switch. Ten of these levels are connected to 
individual banks of capacitors. The eleventh level is 
so interlocked with the sequential read-out rotary 
switch as to start the programmer operating whenever 
the two rotary switches are not in the same angular 
position. When the operation of a coding relay causes 
the memory selector to advance to the next memory 
bank, the switches are no longer in line so the printing 
cycle starts. 

The decoding matrix section sums up the remem- 
bered numbers. It consists of relays and thyratrons as 
shown in Fig. 8. When the memory is read-out, all 
capacitors in a channel that are carrying a charge 
will discharge at the grids of their respective thyra- 
trons. The resulting pulse of voltage causes these 
thyratrons to conduct continually until plate voltage 
is removed. 

If a voltage is applied to the top of the matrix con- 
tacts in Fig. 7 and thyratrons 4A and 2A are conduct- 
ing, the associated relays in their respective plate 
circuits will be energized. This completes a circuit 


FIG. 7—Diagram shows the stepping switch circuits 
by means of which information is fed into and out 
of the capacitor memory. Only one level of each 
rotary switch is shown left. 
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FIG. 8—Decoding matrix section is made up of “flip-flop” formation of single-pole, double-throw relays. 
The circuit from B+ down in either relay bank depends on which of the thyratrons are conducting. The dis- 
charge of the pulses stored in the capacitor memory triggers some or all of the thyratrons in accordance with 
the code assigned to the trouble contact whose operation is to be recorded. 
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from the B+ voltage to a point at the bottom labeled 
6. Thus this matrix has summed up 2 + 4 = 6. The A 
matrix in this fashion sums up any combination add- 
ing up to from 0 to 15. In identical fashion, the B 
matrix by the addition of one thyratron sums up any 
combination adding up to from 0 to 31. 

Each opeartion of the memory section causes the 
A and B sections to be set up simultaneously in ac- 
cordance with the binary code stored. The output of 
the matrix is used to control the operation of 16 
selector switches, each having 25 positions plus a 
“home” position. 

The output of the A matrix is used to energize one 
of the selector switches (numbered 0 to 15) and causes 
the proper selector switch to move away from its 
home position and move from position 1 toward posi- 
tion 25. The output of the B matrix (0 to 25) is con- 
nected to one bank of each selector switch and de- 
termines in which position the selector switch will 
come to rest. The pulse that began as a signal from 
one of 400 trouble contacts has now arrived after a 
time delay at the printer. The pulse is properly iden- 
tified, too, since there is one stepping switch contact 
that corresponds to each trouble contact. 


Recording 


These 16 rotary switches, each consisting of ten 
levels and 26 positions, comprise the print-wheel 
selector system. Eight of the 10 levels are used to set 
up the print wheels, which are visible in Fig. 9. Six 
of these control six individual rotary stepping switches 
in the recorder. There are 30 positions on each rotary 
print-wheel switch. These rotary switches are mechan- 
ically linked to printing drums. The operation of the 
print selector switches turns the printing drums to a 
position determined by the operation to be recorded. 
The seventh and eighth levels of the selector switches 
are used to set up a seventh rotary switch in the 
recorder, depending on whether the operation re- 
corded is either on or off. Rather than print merely 
on or off, means can be provided to print designa- 
tions such as high, low, normal, reset, tripped and 
closed. 

At the completion of the set-up of the printing 
drums, the recorder automatically prints and the print- 
ing cycle is complete. The programmer operates and 
restores the thyratrons and resets the print-wheel se- 
lector switches. After a suitable time, the sequential 
memory read-out advances to the next memory bank 
and begins another recording cycle. Recording stops 
only when the stored information in the memory has 
been completely read-out. 


Mechanical Features 


In one automatic recording system built for a power 
plant all relays, rotary switches, memory capacitors, 
programmer and auxiliary devices are mounted in four 
free-standing cabinets each 3 ft wide by 2 ft deep by 
7 ft 6 in. high. The units, Fig. 10, are provided with 
glass paneled doors on the relay side and double 
hinged doors on the wiring side. All relays are of 
the plug-in type, so that the entire panel can readily 
be serviced and checked. Furthermore, a large in- 
crease in number of circuits is available by providing 
sockets which need only be wired to the proper binary 
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FIG. 9—Front and rear views of printer after re- 
moval from the control desk. Flat portion of chart is 
always visible through glass window. Print wheels 
can be seen at the top of the unit. 


coding busses to obtain a wide range of recordings. 

The printing recorder is recessed into a control desk 
and arranged for ease of access. The entire unit is 
hinged so that the log sheet may be readily replaced. 
A re-roll device permits 150 ft of recording to be 
stored. The record passes before a window, so that 
the last six recordings are always available for inspec- 
tion. By lifting the window, the entire record may be 
inspected at will. Printing is obtained with a carbon 
ribbon provided with automatic advance and reverse 
device, so that all prints are legible, sharp and distinct. 

Each print wheel carrying the type is an aluminum 
drum rotated by the pulsing of a solenoid and geared 
to a selector switch mounted integral with the print 
wheel. These three components are mounted on a 
single frame which sets as a unit into the mounting 
bar. Dowels and a plug permit rapid installation and 
removal of each unit for maintenance and replace- 
ments. Additional designations may be engraved on 
the print wheels from time to time as needed, until 
the 30 positions available are all used. 

The use of an automatic data recorder with sequen- 
tial operation features may be designed for any 


103 











FIG. 10—Four cabinets house the relays, tubes, step- 
ping switches and other components used in the 
recorder. Two sections at left are the coding relay 
cabinets. The center section is the memory bank and 
the fourth section is the decoding cabinet. 


number of trouble contacts. The memory bank may 
be increased or decreased from the 26 which were 
used for this particular installation. 


of this article. 


tion. 
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automatic, factory; how to make machines automatic, some 
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automatic factories, and automatic 


handling of information. 


Esa 


Monitoring System Provides Centralized Control, May 1953, 
page 98. Abnormal conditions in automatic equipment are 
checked, annunciated and recorded in a memory bank 
which releases data to an automatic printer at printing speed. 





The Automatic Office is Not Yet Here 


Cost and character of input are major difficulties faced in applying 


high-speed electronic computing equipment to office paper work. 


Risinc costs have given impetus to 
the growth of the office equipment 
industry which is providing accurate, 
rapid means of processing the over- 
whelming volume of paperwork on 
which industry depends. In the annual 
report of the Burroughs Adding Ma- 
chine Company, Detroit, Michigan, in 
assessing the current outlook, a state- 
ment points out that new methods of 
handling paperwork and of doing the 
control job are constantly being de- 
veloped. But despite extraordinary 
advances in new fields of technology, 
the automatic office cannot be ex- 
pected in the near future. 

While a few electronic devices have 
been applied to highly specialized 
office problems, the majority of elec- 
tronic computers now in operation 
were designed for scientific use. In 
this field the input and output prob- 
lem is relatively simple. The core of 
the job is rather the complex and vast 
work of computation. But in business 
the arithmetic is usually not difficult. 
It is the feeding of the business ma- 
chine, item by item, and the printing 
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of the result which is both time con- 
suming and costly. It would be no ad- 
vantage to speed up the rate of fiur- 
ing if input, output and other 
peripheral operations did not keep 
pace. 

There are other difficulties, too, 
which will delay the practical applica- 
tion of electronics to the office, not 
the least of which is the major ob- 
stacle of cost. The outlook for elec- 
tronics in business, then, must be 
summed up in the words “not yet.” 
Meanwhile, as already noted, Bur- 
roughs is pressing on with major re- 
search projects. Though it is not easy 
to forecast the rate of progress in re- 
search, the program has high priority 
in the Company’s operations. 


High-Speed Printer Developed 
Burroughs has already had some 
success in the laboratory in designing 
equipment that will automatically 
pick up information and introduce it 
into the computation process without 
the aid of a human agency, but it is 
as yet far from practical. On the out- 
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put side, the Company has a high 
speed printer which has been used 
experimentally to print insurance 
premium notices at the rate of 900 
lines per minute. Final design is vir- 
tually completed at Control Instru- 
ment Company, Burroughs’ subsidi- 
ary. These and other developments 
offer promise of continued improve- 
ment in office operation. 


Tape-Punching Typewriter 

In the automatic processing of 
business data, the prospect is for 
evolutionary rather than revolution- 
ary progress. It is likely that the first 
practical applications will employ 
combinations of these new techniques 
with mechanical devices. An example 
is a new machine developed in Bur- 
roughs laboratories which, combined 
with a specially designed Sensimatic 
accounting machine, simultaneously 
codes on punched paper tape, records 
being produced in the orthodox 
manner. This tape may immediately 
be used for introducing results into 
an accounting system. ooo 
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Temperature-Humidity 


Evaluation of Plastics 


Special cycling tests, used in combination with standard 


ASTM procedures, provide realistic data for appraisal of 


electrical performance under severe environmental conditions. 


Albert Brent 


Standards Engineer, Materials and Processes 
Sperry Gyroscope COMPANY 


ELECTRICAL PROPERTIES of commercially available lam- 
inated and molded thermosetting plastics undergo 
degradation of a greater degree when the materials 
are submitted to temperature-humidity cycling than 
when exposed to non-cyclic or static conditions. This 
discussion describes a laboratory method for such 
cycling which, in connection with the execution of test 
procedures approved by the ASTM, has served as an 
excellent means of evaluating electrical insulating 
materials. 

This method is especially applicable to plastics in- 
sulating materials intended for use under extremes 
of environmental conditions. Data have been gathered 
on insulation resistance of specimens before, during 
and after cycling as well as on dielectric strength, 
dielectric constant, power factor, dimensions, and 
weight before and after cycling. Included are aver- 
aged results on a series of typical materials submitted 
to 10 cycles of 17 hr at 160 +2 F and 95 to 100 per 
cent RH followed by 4 hr at 14 +5 F with humidity 
uncontrolled. 

It might be noted that electrical performance in- 
formation obtained from plastics manufacturers gen- 
erally is based on measurements made under static, 
as opposed to dynamic, conditions. For example, 
insulation resistance data obtained with the specimens 
at normal temperature and relative humidity (77 F and 
50 per cent RH) are valuable as far as they go. So 
are readings made after conditioning in closed jars 
over saturated solutions to control humidities. Such 
conditioning methods, however, do not faithfully sim- 
ulate actual operating environment. 

The laboratory evaluation method that forms the 
subject of this discussion is a combination of condi- 
tioning by temperature-humidity cycling and appli- 
cation of standard ASTM tests. In many respects the 
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FIG. 1—Specimen design for insulation resistance 
measurements of laminates (a) and of molded 
plastics (b). 


temperature-humidity conditioning used resembles the 
tests to which completed components are subjected. 
This cycling-testing method has these following ad- 
vantages over previous methods: 

1. A single temperature-humidity chamber is used 
and specimens are not removed, thus avoiding sub- 
jection to uncontrolled environment and excessive 
handling. 

2. Cycling conditions are automatically controlled 
throughout the test. Ambient conditions can be varied 
to include high temperature and humidity as well as 
low temperature. Air is mechanically circulated, as- 
suring more uniform conditions throughout the cham- 
ber. 

3. Insulation resistance measurements may be taken 
during, as well as before and after cycling, and in a 
simplified manner, without disturbing the controlled 
conditions. 

The results obtained by using this method have 
served as a guide to engineers in the selection of 
plastics materials which will perform well under ad- 
verse environmental test conditions and subsequently 
in the field. This method has also been used as an aid 
in the selection of approved suppliers for the pur- 
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chase of plastics materials. Several plastic material 
manufacturers, seeking to become approved, have 
been given information on this technique. 


Equipment Required 


The principal equipment requirements are: (a) a 
precision temperature-humidity chamber incorporat- 
ing suitable auxiliary facilities; (b) panels and suitable 
attachments for mounting the samples; and (c) ap- 
propriate electrical measurement and dielectric test- 
ing equipment. 

Test Specimens. The materials considered in this 
investigation included five grades of laminated plastics 
and seven molded thermosetting plastics. Specimens 
were collected from a number of manufacturers. Table 
I gives a breakdown of the ASTM grades investigated, 
describes the composition of each grade, specifies 
specimen dimensions, and notes the ASTM test meth- 
od used. 

Laminated plastics samples (Fig. la) are prepared 
by precisely spacing four 14-in. diam holes and press- 
fitting lugs into the holes. The lugs are forked, tubular- 
terminal type having a 34,-in. diam shoulder with a 
shank spun over to prevent loosening. The molded 
bar specimens are % x \% x 5 in. (Fig. 1b), made in 
accordance with ASTM test method D 257-49T, and 
have five stainless steel bar electrodes spaced 1 in. 
apart. No. 12 tinned copper wire, bent over to pro- 
vide a low spot for run off of any condensate which 
might accumulate during humidity cycling, is solder- 
ed to each terminal lug. The surface of all test speci- 
mens must be wiped with a clean cloth dampened 
with denatured alcohol before starting the test pro- 
cedure. 

No further attention need be given the specimens 
themselves during the temperature-humidity cycling 
except that samples for dielectric strength and for 
dielectric constant and power factor must have elec- 
trodes attached prior to taking measurements. Since 
testing for these properties alters the surface or breaks 
down the specimens, it is necessary to make two 
groups of samples available, each from the same 
sheets of laminate and same lots of molding powders. 
As data are required before and after cycling, one 
group of samples must be measured and discarded 
before cycling begins, while the second group is 
measured after the cycling procedure. 

Temperature-Humidity Chamber. Any chamber 
large enough to house a desired number of specimens 
is satisfactory if it is able to establish quickly, and 
hold reliably, the temperature-humidity levels re- 
quired, and also supply a uniform continuous airflow 
around the specimens. The controlled environment 
should remain essentially stable even during a daily 
period of measurement, 2 hr in this case. Automatic 
cycling controls are desirable so that the system may 
be virtually unattended. The chamber is a completely 
self-contained unit with a stainless steel interior, 3 x 
3 ft at the base and 4 ft high. 

A vertical baffle, open at the top, is mounted 6 in. 
from the left inner wall. A fan centrally mounted be- 
hind the baffle, 18 in. above the chamber floor, blows 
out air through an 8 in. diam hole. The air circulators 
through the chamber and finally passes back over the 
top of the baffle plate into the conditioning area where 
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it flows over a wet and dry bulb thermometer con- 
nected to a recording controller, fin-type cooling 
evaporator surfaces, and electric resistance heaters, 

Humidification is obtained by the vapor method. 
When increased humidities are required, electric heat- 
ers immersed in a water bath increase the tempera- 
ture of the water to the point where its vapor pressure 
exceeds that of the surrounding air, and consequently, 
water vapor is drawn into the air. When the desired 
amount of moisture in the air has been attained, the 
electric heaters are automatically turned off by the 
wet bulb control and the water reaches an equilibrium 
with the air. Moisture content of the air is reduced 
when refrigeration coils submerged in the water bath 
lower the dew point of the surface of the water and 
thus condense moisture from the air into the water 
tank. Doors of the chamber are kept closed through- 
out the cycling except when taking readings. 

Panels and Mounting Facilities. Except for insula- 
tion resistance specimens, no special panels or mount- 
ing facilities are required. The samples may be rack- 
mounted in any manner to assure that temperature 
and humidity affect each piece equally on all surfaces. 
Condensation which may form on the roof of the 
chamber should be prevented from dropping on the 
test specimens. 

Special facilities are required for mounting insula- 
tion resistance samples, which daily must be excited 
with a d-c source and their resistance determined. A 
metallic panel is suitable as a base. In this case % in. 
anodized aluminum was selected (Fig. 2). Three-eights 
in. diam polytetrafluoroethylene (Teflon) bushings are 
mounted into the panel, spaced to admit the No. 12 
copper leads from the laminated and molded speci- 
ments (Fig. 1). The test specimens are supported in 
the chamber by the copper lead wires which pass 
through the center of the bushings. It is important 
that the resistance between each bushing and the 
panel approach infinity; in this investigation periodic 
checks indicated more than one million megohms at 
all times. Use of these plastics bushings with their 
comparatively high insulation resistance under cycling 
conditions eliminates any significant error that might 
otherwise occur due to leakage paths. Such use also 
obviates the need for guard circuits. 

The panels are sealed into the chamber directly 


FIG. 2 (Left)—Laminated and 
molded test specimens shown 
mounted on aluminum panel. 


FIG. 3 (Right) —Temperature- 
humidity test chamber. Leads 
of test specimens 
from bushings. 


protrude 


FIG. 4 (Far Right)—Tempera- 
ture-humidity cycle is repeated 
ten times successively. Insula- 
tion resistance data are taken 
daily between 16th and 18th 
hours and before and after 
cycling. Dielectric 
strength and other measure- 
ments are taken before and 
after complete cycling. 


complete 
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TABLE I - MATERIALS TESTED AND APPLICABLE TEST METHODS 


OTe ap ohalols 


(ASTM D 257) 


Paper - phenolic 


Cotton fabric - phenolic 


Nylon fabric- phenolic 


Laminated 
(natural color) 


Nm “oO oO 4 nm Be “ig - 


Glass fabric-melamine 


Glass fabric - silicone 


Wood flour- phenolic, black 


Cotton flock - phenolic, black 


Cotton fabric - phenolic, black 


Mica- phenolic, natural 


aL -1e eM Sho Se 
phenolic, black 


Fibrous asbestos - 
phenolic, brown 


Powdered asbestos- 
melamine, natural 





*High insulation resistance, superior to reqular ASTM XXXP 


behind the doors. This allows electrical measurements 
to be made when the doors are open without disturb- 
ing the chamber environment. Connection to the 
specimens is made from the chamber front (Fig. 3) 
by means of pinch clamps. 

Electrical Measurement Equipment and Apparatus. 
Measurement equipment and voltage source appa- 
ratus selected should conform with accuracy standards 
established in ASTM publications. High-quality com- 
mercially available equipment suffices and was chosen 
for all purposes except for the dielectric strength tests. 
All voltage source equipment was conventional. 
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Insulation 
resistance 


Electrodes: 
as shown Fig 1(a) | 2-in.diam,brass | lead foil 


Electrodes. 
as shown Fig 1(b) | opposite sides; 





Dimensions of specimens, in inches 


Dielectric 
constant and 
power factor 


(ASTM.D 150) 
Electrodes: 


Electrodes: opposite sides; 
opposite sides; 4-in. and 6-in. diam 


Dielectric 
strength 


(ASTM D 149) 


Electrodes: 
opposite sides, 
2-in.diam , brass | 4-in.diam, 

lead foil 


I~ 


L 


Electrodes. 


4 
8 


The insulation-resistance measuring equipment 
specified was a megohm bridge (Wheatstone bridge 
adapted for high resistance measurements) having a 
rated accuracy of +3 per cent from 0.08-100 meg- 
ohms. Accuracy rating decreases as resistance goes 
up as follows: 100-1000 megohms, +6 per cent; 1000- 
10,000 megohms, +10 per cent; 10,000-100,000 meg- 
ohms, +20 per cent; and 100,000-1,000,000 megohms, 
+30 per cent. A stable 500-volt d-c source is necessary 
to electrify specimens prior to measurement. 

Equipment available for measuring dielectric break- 
down voltages was a 100-kv electrostatic voltmeter 
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RH per cent 







































































accurate to 1 per cent of full scale. The 60-cycle a-c 
voltage source selected was variable, rising from zero 
to 75 ky at a rate of 1 kv rms/sec. A tripping device in 
the a-c voltage source detects breakdown when 5 ma 
rms is drawn through the sample as the applied volt- 
age is increased. 

A Q-meter and a 400-kc to 60-mc r-f bridge were 
used for determining dielectric constant and power 
factor. The Q-meter has a rated accuracy of +5 per 
cent in measuring the reciprocal of dissipation factor 
and +1 per cent in measuring capacitance. The r-f 
bridge has a rated accuracy of +2 per cent for re- 
actance and +1 per cent for resistance measurements. 
When the power factor is low the desired accuracy 
may be obtained with the Q-meter and the a-c re- 
sistance with the r-f bridge. When the power factor 
is high, both the capacitive reactance and a-c resist- 
ance may be measured with the r-f bridge. Weight 
and dimensions may be determined with conventional 
laboratory equipment. 


Test Procedure 


The laboratory work in connection with the actual 
testing may be divided into four parts: 

1. Initially all specimens are conditioned in the 
chamber for 48 hr at 77 F and 50 per cent RH. Then 
all ASTM tests and procedures listed in Table I are 
performed under laboratory conditions before cycling. 
Dimensions and weights also are recorded. 

2. Second, all specimens (excepting the batch for 
dielectric properties which was broken down in the 
initial tests) are cycled for ten successive 24-hr periods 
as described in detail later. During this cycling, in- 
sulation resistance measurements are made ten times 
at 24-hr intervals. The other specimens remain un- 
disturbed throughout the cycling. 

3. The third part follows a 17-hr period during 
which all samples are held in the wet chamber at 
room temperature. The panel containing the insula- 
tion resistance specimens is removed and readings are 
taken immediately at laboratory conditions (approxi- 
mately 78 F and 58 per cent RH). The other specimens 
are placed in a bell jar and retained at 95 per cent RH 
until the after testing can be completed. This third 
part essentially repeats the ASTM procedures com- 
pleted before the cycling, including the taking of 
weight and dimensiondata. 

4. The fourth phase affects only insulation resist- 
ance specimens. These specimens are allowed to re- 
cover at room conditions for 96 hr and then final 
resistance measurements are made. 

Pre-Cycling and Subsequent Tests. While tests are 
actually applied before, during, and after cycling as 
already described, the manner in which measurements 
are made is essentially the same in each case. The 
specific ASTM method used for each property of in- 
terest is that listed in the appropriate column of 
Table I. 

Insulation resistance measurements are made be- 
tween pairs of adjacent terminals after 45-sec elec- 
trification with 500 volts d-c. Readings are taken on 
four adjacent terminals (a total of 12 readings for 
three specimens). 

Dielectric strength tests are made after fixing each 
specimen perpendicularly between two cylindrical 
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brass electrodes, 1 in. thick and 2 in. in diam. Each 
specimen is immersed under transformer oil and a 
controlled 60-cps alternating potential applied. Volt- 
age is raised 1 kv rms/sec from zero to the breakdown 
voltage of each specimen. 

Dielectric constant and power factor tests are made 
after making electrical contact to electrodes fixed to 
opposite sides of each specimen. These measurements 
are made under laboratory conditions using a signal 
source of 1 me. 


Temperature-Humidity Cycling 


A chamber such as already described enables selec- 
tion of any desired high and low temperature and 
relative humidity levels, or even of more than two 
levels. For this work, a two-level plan with a brief 
“normal” period at the end of each cycle was used. 
The high level selected was 160 + 2 F and the low 
level 14 + 5 F. Relative humidity determined best 
for this material evaluation purpose was 95 to 100 
per cent during high temperature, and uncontrolled 
RH during the low-temperature portion of the cycle. 
These and other decisions bearing on the specific 
mode of cycling were based primarily on military 
environmental-type test specifications which have 
proved to provide a rigorous evaluation of equipment 
performance. 

While others with specialized problems might 
choose other temperature and humidity figures, the 
method is considered valid for all similar plastic mate- 
rial evaluation problems. 

Once a 24-hr cycle is adopted (Fig 4), the only tasks 
required are to make the necessary adjustments on 
the chamber controls and to make the required in- 
sulation resistance readings daily. The basic 24-hr 
cycle is repeated ten times, admitting that this is an 
arbitrary figure, for a total of 240 hr. 

One 24-hr cycle consists of the following seven 
steps: 

1. With the chamber at about 78 F and 58 per cent, 
RH, raise temperature within one hour to 160 + 2 F 
and adjust RH to 95 to 100 per cent, as indicated by 
a difference of 2 F between wet and dry bulb tem- 
peratures. 

2. Maintain temperature and relative humidity at 
same level for 17 hr. 

3. Within two hours prior to end of 17-hr period 
take insulation resistance readings. 

4. Drop temperature to 14 + 5 F within 1 hr; rela- 
tive humidity is uncontrolled, but probably remains 
high until freezing temperature is reached. 

5. Maintain temperature at same level for 4 hr. 

6. Raise temperature to laboratory conditions in 
one-half hour. 

7. Maintain laboratory conditions for one-half 
hour, at which time these seven steps are repeated. 

It should be noted that the tenth cycle was not 
completed for the results reported. For practical rea- 
sons involving working shifts, the tenth cycle was 
stopped at the end of the 17-hr high temperature and 
humidity portion of the cycle. This apparent prema- 
ture termination was considered insignificant so far 
as results were concerned. 

The test data reported are typical for the grade of 
plastic tested. It was determined by averaging the 
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results of the many individual tests conducted on the 
materials submitted by the various manufacturers for 
each grade. With the exception of the cut edges on 
the laminates, the surfaces of all test specimens were 
in the molded or laminated unmachined condition. 

Insulation Resistance. Fig. 5 for laminated plastics 
and Fig. 6 for molded plastics show the averaged in- 
sulation resistance before, during, and after tempera- 
ture and humidity cycling for those materials listed in 
Table I. Readings for insulation resistance between 
different sets of equally spaced terminals on the same 
specimen of laminated or molded plastics varied as 
much as 100 per cent. Comparison between different 
production runs of the same material exhibited about 
the same variance. Comparison between samples of 
the same grade of laminated or molded plastics sub- 
mitted by different manufacturers showed a variation 
as much as 1500 per cent for the poorer grades and 
300 per cent for the good grades (Spec. XXXP, N-1, 8). 

Fig. 5 discloses that Grades Spec. XXXP, N-1 and 
G-7 tested are far superior in insulation resistance to 
the other grades of laminated plastics investigated. 
Large variance was noted in values for the same grade 
of material supplied by different manufacturers. In 
the case of paper-base phenolic laminates, Table II 
shows that some manufacturers supply a material hav- 
ing all of the properties of ASTM Grade XXXP but in 
addition having superior insulation resistance. The 
good electrical properties of Spec. XXXP material are 
partly due to pre-dipping the paper filler in a pene- 
trating phenolic resin prior to coating in its manu- 
facture. 

The biggest drop in insulation resistance for all 
specimens was measured after the first cycle and prob- 
ably occurred within the first few minutes due to 
the formation of a moisture film which resulted in a 
drop in surface resistivity. The high-insulation-resist- 
ance types of paper-phenolic, nylon-phenolic, and 
silicone-glass continued to drop slowly dependent 
upon the amount of water absorbed and consequent 
loss of volume resistivity. They showed excellent re- 
covery, however. This indicates that the water ab- 
sorption of these materials was slight. 

Grades LE and G-5 displayed erratic but generally 
low values for insulation resistance under these cy- 
cling conditions. Their recovery performance also was 
poor. 

Fig. 6 shows that the mica-phenolic molded plastic 
displayed the best insulation resistance of the molded 
plastics tested, the asbestos-melamine showed good 
insulation resistance, and the heat resistant abestos- 
phenolic Grade 10, fair. Wood-flour phenolic plastic 
showed the best insulation resistance of the cellulose- 
filled molded palstics but was inferior to the least 
resistive mineral-filled material. 

The specimen design used in measuring the insula- 
tion resistance of laminated plastics simulated a condi- 
tion in which the terminals of the part are away from 
the edge. Placement of the electrodes on molded 
plastic specimens simulated a part on which terminals 
are close to or on the surface. When it is desired to 
obtain data more applicable to the finished part, the 
specimen should be designed accordingly. 


Dielectric and Physical Properties. Table III for 


laminated plastics and Table IV for molded plastics 
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FIG. 5—Averaged insulation resistance of laminates 
(ASTM D709) before, during, and after cycling. 


show the average dielectric strength, dielectric con- 
stant, power factor, percentage change in dimensions, 
and increase in weigh before and after temperature 
and humidity cycling for different materials. Lami- 
nated and molded plastics of the same grades, but 
supplied by different manufacturers, differed in di- 
electric properties when tested both before and after 
cycling. This comparison between manufacturers’ ma- 
terials was approximately 15 per cent for materials 
showing good dielectric properties (ASTM Grades 8, 
N-1 and Spec. XXXP) and 100 to 500 per cent for the 
poorer grades. 

Table III shows that Grades N-1 and Spec. XXXP 
laminated palstics maintain their dielectric proper- 
ties very well under cycling conditions. The glass- 
silicone laminate, Grade G-7, although showing high 
insulation resistance and low water absorption under 
cycling conditions, dropped considerably in dielec- 
tric strength and increased tremendously in power 
factor. Grade G-7 also showed the best dimensional 
stability and smallest water absorption. The percent- 
age increase in thickness of laminated and molded 
plastics was greater than increases in other dimen- 
sions. 

Table IV shows that mica-phenolic molded plastic, 
which had excellent insulation resistance under tem- 
perature-humidity cycling, was only slightly affected 
in dielectric strength and in dielectric constant and 
power factor. It had the best dimensional stability 
and picked up the least amount of water of the 
molded materials tested. The comparatively good rat- 
ing for insulation resistance that asbestos-melamine 
and asbestos-phenolic had under cycling was repeated 
for the other dielectric tests. Mineral filled (mica, 
asbestos, glass) plastics shows greater dimensional sta- 
bility and less moisture pick-up than the cellulose 
filled (wood flour, cotton flock, rag). 

An example of how the information presented in this 
discussion was used follows: 


ELECTRICAL MANUFACTURING 






























































ut 
li- 
er 
a- 
ls 


he 
<P 


5S- 
gh 
ler 


er 
al 
nt- 
ed 
n- 


m- 
ed 
nd 
ity 
he 
at- 
ne 
ed 
ca, 
ta- 
se 


his 


NG 


Before . During cycling ————> After 
“ 6 


Insulation resistance, megohms 
{Logarithmic scole ) 





After 96 hr 


After 17 hr 
recovery 


Time, cycles 
FIG. 6—Averaged insulation resistance of molded 
plastics (ASTM D700). 


Suitable material for making terminal boards for 
mounting resistors, capacitors, and terminal lugs was 
needed. These terminal boards, after assembly in aero- 
nautical instruments, required type testing in accord- 
ance with specification MIL-E-5272, “Environmental 
Testing of Aeronautical and Associated Equipment.” 
A study of Fig. 5 (insulation resistance of various 
laminated plastics under temperature-humidity cycling 
conditions) revealed three possible materials. They 
were the special high-insulation grade XXXP, nylon 
fabric-phenolic, or glass fabric-silicone. Electrical 
data shown in Table III, plus its high cost and poor 
machining qualities, eliminated the glass fabric-sili- 
cone material from consideration. The special XXXP 
laminate was selected over the nylon-phenolic mate- 
rial because of the following additional reasons: 
Better dimensional stability, lower price, higher con- 
tinuous operating and hot-spot temperatures, and the 
fact that thin sheets of nylon-phenolic laminate easily 
bend and may warp. 

Miscellaneous Molded Plastics. Results of tempera- 
ture-humidity cycling tests run on some miscellaneous 
compression-molded thermosetting plastics can also 
be reported here. The tests were not extensive enough, 
however, to make generalized conclusions on all 
compounds in these classes of materials. 

A Buna N-woodflour-phenolic showed up worse in 
insulation resistance than the woodflour-phenolic. An 
asbestos-diallyphthalate plastic had slightly better in- 
sulation resistance and greater dimensional stability 
than the asbestos-melamine material. But it dropped 76 
per cent in dielectric strength and increased 520 per 
cent in power factor after cycling. The asbestos- 
melamine material had higher arc resistance, dielec- 
tric strength, and, with the exception of insulation 
resistance, maintained its electrical properties better 
than the diallylphthalate material under the tempera- 
ture-humidity cycling conditions. 

A nylon flock-filled phenolic compound compared 
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with the mica-phenolic for insualtion resistance and 
dielectric properties before and after cycling. How- 
ever, a type of chopped nylon fabric-filled phenolic 
started off with good insulation resistance but fell off 
rapidly, ending up in the same range as Grade 10. A 
baking type of glass-silicone molded plastic acted like 
the glass-silicone laminate in that the cycling had a 
greater effect on the dielectric strength, power factor, 
and dielectric constant than on the insulation resist- 
ance. Tests on an alkyd-asbestos compound indicated 
a comparatively poor resistance to temperature-hu- 
midity cycling. 

General Observations. The temperature-humidity 
cycle described herein was found to have a greater 
degradation effect on the electrical properties and 
water absorption of plastics than complete immersion 
in water for 48 hr to 50 C. It was observed that if 
the cycling tests were interrupted and the specimens 
allowed to dry out partially, upon continuing the 
tests, the insulation resistance of the samples would 
always be greater than the value obtained after the 
first cycle of the initial tests. The second surface film 
had a greater surface resistivity than the first. 

Temperature-humidity cycling accelerated the aging 
of a plastic material. It exposed the boundaries of 
coarsely ground fillers, dulled glossy surfaces, varied 
the color of natural materials and warped and cracked 
some plastics. 

Molded and laminated plastics having a cellulose 
filler (such as woodflour, cotton flock, linen fabric) 
showed the poorest insulation and moisture resistance 
and dimensional stability, and greatest deterioration 
in dielectric properties under temperature-humidity 
cycling. The important exception to this fact is the 
special high-insulation grade of XXXP. Plastics mate- 
rials showing high insulation resistance and low mois- 
ture pick-up under cycling conditions will usually 
show good resistance to deterioration of dielectric 
strength, power factor, and dielectric consant. The 
exception to this in this study was glass-silicone 
material. 

A paper-base-phenolic laminate of high electrical 
quality having comparable mechanical properties to 
grade XXXP laminate, but with superior insulation 
resistance and lower water absorption, is being pro- 
duced and used in many important electrical insulat- 
ing applications. An ASTM or NEMA specification on 
on this material should be written to help in its pro- 
curement. 

While there is a great need for information of the 
type obtainable by using the method, the procedure is 
not necessarily in its final form. The variables which 
go into the procedure, of which most have been ar- 
rived at in an arbitrary manner, must be studied and 
standardized so that results will be even more con- 
sistent and reliable than have been obtained so far. 
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Development of an Electrical 


Duelling Indicator 


Determination of touch timing in intercollegiate duelling has been made 


split-second accurate through a visual and audible indicator governed by relays 


and electrical contacts in the sword (epee) points. Basically, the unit indicates the 


closing of one set of contacts and after a set interval opens a second circuit. 


W. R. Durrett 


Project Designer 
DESIGNERS FOR INpDusTRY, INC. 


SEVERAL ELECTRICAL INDICATING SYSTEMS have been de- 
vised for accurately determining when a touch is 
made in amateur fencing bouts using epees. The epee 
is the descendant of the old duelling sword and in 
such bouts nothing counts but who scores first. Even 
the touch location is unimportant, but the determina- 
tion of touch-timing has posed a vexing problem in 
the judging of a bout. 

Previous practice has been to station one or two 
judges to watch each fencer, under a director who 
observes the entire action. Decisions were made by 
the director on opinion from the individual judges. 
The fencers themselves have no voice as in the heat 
of play they are not always competent to judge the 
validity of borderline touches. This judging system is 
still used for the foil and the sabre, since these two 
weapons have a complex set of rules regarding prece- 
dence of attack and counter-attack that must be con- 
sidered in each touch. 


Instrument Replaces Human Judgment 


Human judging is far from infallible even when 
using red ink on the sword tips, and as a result the 
Amateur Fencers League of America has officially 
adopted the use of an electric indicating system for 
all sanctioned meets involving the epee. This system 
gives visual and audible indication when a touch is 
made, identifiies which contestant made the touch, 
and breaks the circuit to the opponent's sword to pre- 
vent further scoring. The indication holds until the 
circuit is manually reset by the director. In the event 
of a double touch within a split second, the indicator 
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will show touches for both contestants. The AFLA 
permits the use of all electrical or electronic devices 
that meet prescribed circuit specifications. 

Fig. 1 shows the latest electrical device with com- 
plete indicator assembly. It was designed at the re- 
quest of Lawrence Institute of Technology. The basic 
design of the entire equipment has been predicated on 
reliability. Under the test of competition, it is para- 
mount that no tubes fail nor that the unit change 
characteristics in the middle of a bout which may have 
a National championship dependent on each touch. 
This indicator has been designed to conform with the 
simplest, least involved circuit in order to ensure con- 
sistent operation during a bout. Experience has proved 
that complex designs fall by the wayside. As a rule, 
fencers are not electrical men and the equipment must 
be designed accordingly. 

With reference to Fig. 1, the indicator connects 
through two lengths of three-conductor, rubber-cov- 
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FIG. 1 (Above)—The complete electric duelling in- 
dicator equipment consisting of the indicator proper 
in background, cable reels and two epees with elec- 
trical contact points. FIG. 2 (Left)—Closeup of an 
electric epee, showing the hilt connector with body 
cord connected. 
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FIG. 3—Cross-section of electric epee point. 


ered cable to two automatic take-up reels. In use these 
reels are placed at each end of the fencing strip, which 
is 50 ft long by 6 ft wide. Each reel has 50 ft of light 
three-conductor wire wound on it, terminated at the 
free end by an Amphenol 91MC3F fitting clipped to 
the fencers belt. On the other side the connector 
engages a three-conductor body cord which runs in- 
side the fencing jacket through the sleeve, and engages 
a fitting on the sword guard. Reel tension is adjusted 
to take up slack at a speed as fast as a fencer can 
retreat. In no way does the equipment hamper the 
contestants. 

Fig. 2 shows a close up of the sword guard. An 
Amphenol 91PC3F connector is mounted inside, clear 
of the fencer’s fingers. The No. 1 pin of the sword 
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fitting is grounded to the sword guard and blade via 
the mounting bracket. Two insulated 30-gage wire 
leads from the other two pins run to the tip. The 
wires lie in the channel of the blade (which has a “V” 
cross-section ) and are cemented in place. Inside the 
tip is a set of contacts which make when a pressure of 
750 grams or more is exerted on the tip. 

Fig. 3 shows the construction of one type of point. 
The teeth on the tip proper, which is called a point 
darret, are designed to catch the jacket of an op- 
ponent and stick, thereby depressing the point darret 
and bridging the small fixed contacts set in the insulat- 
ing disk. The moving (bridging) contact is common 
to the tip proper. 

Fig. 4 shows the circuit wiring, while Figs. 5, 6, and 
7 show views of the indicator case and components. 
The principle of operation is simple and straightfor- 
ward: the circuit is designed to indicate the closing of 
one set of sword contacts and after a set time interval 
to open the second sword contact circuit. There are 
side features, however, which make the design prob- 
lem interesting. 

During a bout, a sword may strike any of three ob- 
jects: the opponent, the opponent’s sword guard, or 
the floor. To insure that neither of these last two situa- 
tions will register falsely on the indicator, one common 
ground lead is run throughout the equipment, con- 
necting to both sword guards through pin 1 of con- 
nectors J] and J2, Fig. 4. Contact of a tip with a guard 
merely grounds the relay involved through the sword 
tip and the supply voltage is dissipated across one of 
two resistors, R5 or R6. Fencing is done on a strip of 
rubber mat, the surface of which is overlaid with a 
fine mesh metal screen. This screen is connected to 


113 








( Ov = 
| I 
| | > C1 
| l 15v > /9v Scr! Bat 

| o 4000 SI 
! } Fi 11 Laas 
!. A-c 

1A 


2 
O 


~~ 
R/2n Connector 
R4 | 
m ns 
R/2n 





a. 


~v 


FIG. 4—Schematic wiring diagram of electric duelling indicator circuit. 


Assuming that sword No. 1 scores 
a touch and the point contacts are 
bridged, the following actions oc- 
cur. Current flows through nor- 
mally closed quench switch S2, the 
NC contacts of relay K3, and buffer 
resistor Rl to energize sword relay 
K1. This relay locks itself in through 
dropping resistor R5, sets up, but 
does not energize, the red indicat- 
ing lights A3 and AS and buzzer X1 
(also jack J4 if remote lights are 
being used), and sends voltage to 


fraction of a second K3 delays its 
closing, as determined by the time 
constant of C2 and the setting of 
R7, and then transfers the supply 
voltage from the sword leads to the 
previously set-up indicating circuits 
(lights and buzzer). 

With K1 energized, current flows 
through dropping resistor R3 to the 
red indicating lights and buzzer. 
Any touch made subsequently by 
sword No. 2 will not register since 
there is no voltage on its lines to 


makes a touch before K3 closes, 
relay K2 will close and lock itself 
through R6, and its indicating sys- 
tem will be energized through R4. 
This would indicate a double touch, 
with both indication systems ener- 
gized. Under present rule,* R7 is 
set so that the total time between 
the closing of the sword contacts 
and the closing of relay K3 must 
not be greater than 0.05 sec to 
score a double touch. 


the timing relay K3. For a given 


close relay K2. 


If sword No. 2 


* Sect. 207, Fencing Rules, AFLA, 1951 





the equipment ground through J7. In the absence of 
such a neutralized strip, judges are appointed to watch 
for possible floor touches. 

The detailed description of circuit operation when a 
body touch is made is given under the diagram. In 
general the system involves a relay for each sword 
contact and a common time-delay relay that permits a 
double touch to be scored within AFLA fencing rules. 
Allowance of a double touch is based on the pre- 
sumption that an attack has momentum, and that up 
to a point (0.05 sec) a prior touch would not prevent 
the second attack from scoring. Timing is set by vary- 
ing a resistance in an RC network. 

Energizing of the first relay (by one sword contact ) 
sets up corresponding visual and audible indicator 
circuits which are finally closed through the time-delay 
relay. Once this relay has closed its contacts, the other 
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sword circuit is blocked out, preventing scoring. To 
restore the circuit, a quench push button must be 
pressed to open the time-delay relay circuit. 


Combination Power Supply 

Power supply shown is a combination of a-c and 
battery equipment. This is not necessarily the best 
type; use of one or the other is obviously less expen- 
sive, but suffers from the disadvantages of specializa- 
tion. The a-c indicator is useless for most outdoor 
meets, or when fencing in one of the remaining d-c 
power areas. The battery indicator is free of this, but 
a normal touch puts a drain of nearly 1 amp on the 
batteries (2 amp for a double touch) and this load 
lasts for as long as 10 sec at a time. This is a stiff drain 
even for industrial dry cells when a whole fencing 
season is considered. The combination power supply 
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is a compromise, sparing the batteries under normal 
conditions but permitting detached use of the equip- 
ment when desired. 

Low voltage operation is mandatory. A fencer 
soaked in perspiration would be a prime subject for 
electrocution if his equipment insulation broke down 
with high voltage on the circuit. Twelve volts is con- 
sidered a maximum for the sword circuits, and a lower 
voltage is preferred. Even so, an inadvertent shock 
could startle a fencer and disrupt his fencing. A higher 
voltage might be used to activate the timing circuit 
since it is fully contained within the indicator. This 
would, however, require an additional and different 
battery, which is undesirable since replacement (say 
at 2 pm on a Sunday afternoon) might be difficult. It 
is for this reason that the stack of six No. 6 doorbell 
batteries, Fig. 6, long-lived and available nearly every- 
where, was decided on. 

The choice of a 9-volt rather than a 6-volt supply 
was dictated by the necessity of having to have buffer 
resistors in the sword relay lines to prevent dead 
shorts across the power supply when a point touches 
the ground circuit, and by the knowledge that a 6-volt 
relay works best when supplied with 6 volts. With the 
buffer resistors in the circuit a voltage in excess of 
rating is needed. Then too, allowance must be made 
for the voltage drop across R7 in the timing circuit. 
To get the required time delay with so low a supply 
voltage necessitates the very large value of capacitor 
C2 shown in the RC network in Fig. 4. Test jacks J6 
and J7 permit voltage checking under all load con- 
ditions. 

The a-c power supply offered a problem. At the low 
voltage used, a selenium rectifier is not at its best. The 
problem was to get a voltage somewhere near the bat- 
tery voltage under a load of 2 amp without exceeding 
12 volts no load. The solution shown seems to be a 
good answer. Using the selenium rectifier as a half- 
wave circuit gave better load results than a full bridge 
by virtue of the lower voltage drop across the parallel 
half-wave rectifier. Capacitor Cl is a more than ade- 
quate filter. Increasing its value adds little to the full- 
load reading, but decreasing it shows up. The d-c 
circuit voltages compare as follows: 


No load Touch Double touch 
Batteries 9.1 8.6 8.4 
A-c supply 11.0 8.3 7.3 


The timing circuit is adjusted for a single touch. 
This timing does not vary greatly with the unequal 
voltage drops under load as the main drop (buzzer 
and lights) occurs after the timing cycle is completed. 
The only load on the batteries before the timing cycle 
starts is the pilot light and the sword relay energized. 
This is the reason for using three-pole sword relays 
(KI and K2). It also spares the tip contacts from the 
l-amp load they would have to carry if the lights and 
buzzers were wired in parallel with the relay coils. 

The entire system is isolated from the chassis itself. 
This is a precaution against the possibility of a pri- 
mary-to-frame short in the transformer and the con- 
sequent danger of placing 115 volts a-c on the sword 
loads or ground circuit. Note also that the pilot light 
is wired beyond the quench switch $2 and relay K3. 
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FIG. 5—The electric indicator alone, showing buz- 
zers, lights, selector switch and quench switch on top. 





FIG. 6—The indicator with bottom plate removed, 
showing battery compartment and timing resistor R7. 





FIG. 7—The indicator with the top open, showing 
relays, capacitors and other radio-type components. 


It will go out when timing relay K3 operates, but 
when lighted it shows that $2 and K3 are making 
proper contact and that voltage is up to the sword 
contacts. Ooog 
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EKddy-Current 
Couplings 


for Adjustable-Speed Drives 


Where slip is held within 11/ to 5 per cent, overall efficiency 


on these torque-rated electric couplings is high; 


with electronic control, speed regulation is close; wide range of 


speeds can be obtained by varying excitation of clutch coils. 


T. R. La Vallee, Dynamaric Corporation 


EpDY-CURRENT ROTATING EQUIPMENT and controls com- 
bine in function and operation fundamentally dynamic 
characteristics. Whether used for a clutching or brak- 
ing function these units are capable of developing 
torque primarily under conditions involving movement 
and transmission of energy. As the relative speed 
approaches zero the torque capacity also approaches 
zero. Used with the modern industrial electronic 
control the dynamic torque characteristic is regulated 
to provide smooth stepless automatic speed regulation 
on a number of difficult applications. In many cases 
the efficiency and regulation of the drive is superior 
to better known types of drive equipment. 

Packaged drives involving a squirrel-cage motor 
with air-cooled eddy-current coupling,* either with or 
without eddy-current brakes, are available in sizes 
from 1 to 75 hp. Other standard non-integral models 
are made in sizes up to 1000-hp capacity. Custom-built 
units are in use ranging up to 20,000 hp. These types 
are available for clutching or braking applications or 
a combination of both. This versatility has adapted 
them for all types of industrial machinery drives. 

Operating characteristics of eddy-current rotating 
equipment can best be explained by starting with a 
solenoid with a U-shaped core energized with direct 
current as shown at A Fig. 1. The magnetic lines of 
force establish a north and south pole depending upon 
the direction of current flow. If the single iron core is 
replaced by several cores with the ends bent up against 





* Commercially known as Ajusto-Spede drives. 
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the sides of the coil, as shown at B, the result is a mul- 
tiplicity of north and south poles. In either case the 
magnetic lines flow from one pole through the air to 
complete the magnetic loop, except that at B, the leak- 
age is correspondingly reduced because of the number 
of poles. It can be reduced even further by slipping a 
soft iron ring around the magnet assembly as at C. By 
providing a suitable air gap between these two mem- 
bers and mounting each on a shaft supported in bear- 
ings, either can be rotated relative to the other. The 
basic elements of a clutch are therefore possible from 
these simple parts. 

As soon as the d-c coil is energized the magnetic 
loop is established and magnetic lines of force flow 
from one set of poles across the air gap through the 
ring, across the second air gap, to the opposite set of 
poles of the electromagnet. If no load is imposed on 
the shaft connected to the iron ring member, it will 
accelerate to the speed of the input shaft. 

Within the capacity of the unit any fixed load may 
be applied to the output shaft, and under constant 
excitation the output shaft will rotate at a constant 
speed. The reason for this is that the pattern of the 
magnetic lines of force in the static condition is dis- 
torted by restraint of the output shaft under a dynamic 
condition. The relative motion between the two mem- 
bers cuts lines of force and induces a secondary mag- 
netic field in the ring, thus creating eddy currents in 
the ring, Fig. 2. The attraction between the two fields 
causes the output shaft to rotate in the same direction 
as the input. 

An exploded view of an actual coupling is shown in 
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FIG. 2 (Left)—Eddy currents generated in drum by rotation of energized poles. FIG. 
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3 (Right)—Ex- 


ploded view of Dynamatic eddy-current coupling, illustrating tapered poles construction and smooth drum. 


Fig. 3. The magnet coils extend over the annular coil 
to give greater pole face area and hence more lines of 
force in a given size of coupling. Operating character- 
istics can be varied by changes in tapering and propor- 
tioning of the magnet poles and design of the drum. 

The speed difference between the two members is 
known as slip speed or slip. The greater the speed 
difference the more eddy currents are generated until 
the capacity of the unit is reached. Less excitation 
results in greater slip and has the effect of reducing 
the capacity of the unit. Except for special applica- 
tions, units are designed with slip values of 1s to 5 per 
cent at rated load. The average is 3 per cent. 

By anchoring one member the same principle can 
be utilized to perform a braking function. 

Two fundamentals are thus established: These units 
have zero torque unless there is relative motion be- 
tween the two members. As a brake, there is no use- 
ful torque available when the rotatable element is sta- 
tionary. As a clutch, some definite loss in speed must 
be considered at the design or operational point. Rated 
torque of either a clutch or brake is dependent upon 
speed of rotation and excitation which can be con- 
trolled manually or otherwise. 

Possibly the least easily understood quality of eddy- 
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current rotating equipment is the fact that torque 
reduces to zero when the slip is reduced to zero. Ordi- 
narily this presents no problem except on some special 
applications where a holding or safety brake is re- 
quired. The friction of the machine being driven or 
material being processed usually is sufficient to stop 
the machine when the brake torque has diminished to 
a small value. 


Speed-Torque Characteristics 

By design variations in field-pole shape, many differ- 
ent speed-toruge characteristics are possible with eddy- 
current rotating equipment. To indicate the possi- 
bilities, three different performance curves are shown 
in Fig. 4. The characteristic of a salient-pole design is 
demonstrated as A. The primary advantage of this 
design in commercial sizes is that relatively high 
torque is available at low slip speeds. The disadvan- 
tage is the low torque available at 100 per cent slip for 
starting. This design is useful therefore on only those 
loads represented by a fan or a centrifugal pump oper- 
ating against a fixed restriction. 

The basic design shown in Fig. 1-C utilizes a single 
toroidal coil with metal field ring and teeth on either 
side. The pole teeth on each side of the coil are similar 
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Water-cooled eddy-current coupling (Model 70 W) 
supplying drive from 200-hp, 1200-rpm motor to 
Fourdrinier paper machine through multiple V-belts. 
Wire screen speed is from 200 to 600 fpm, with +1 
per cent regulation. 





Packaged Ajusto-Spede drive, incorporating squirrel- 


cage motor and eddy-current clutch, shown built in 
as drive of non-firing internal combustion engine as 
final balance check on reciprocating parts. 


to the shape of gear teeth. This arrangement provides 
curve B, Fig. 4, the other extreme in speed-torque 
characteristic. The curve rises continuously from the 
origin. Although the slope of the curve changes, torque 
increases with speed. The obvious disadvantage of 
this type of characteristic is that high slip must be 
tolerated for any appreciable amount of torque. The 
advantage is that high torque is available at 100 per 
cent slip. This type curve is ideally fitted for use as a 
brake, an absorption dynamometer and clutches or 
brakes used intermittently for high torques and inten- 
tional slowdown in speed. 

Probably the best compromise is shown as curve C 
in Fig. 4. This torque-speed characteristic sacrifices 
some slip at the design operating point for a clutching 
application but makes available almost all the torque 
of curve B at 100 per cent slip. It is well suited to 
industrial applications for a clutching or braking 
function. 

If on Fig. 4 the torque value required in a given 
clutching application is arbitrarily taken as 8, it is 
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evident that a unit with a torque-speed curve like A 
would operate at about 3 per cent slip. A unit of char- 
acteristic B would require 20 per cent slip, whereas the 
slip would be 5 per cent for curve C. 

If the requirement were for a braking application 
with an arbitrary torque value of 8 it is apparent that 
torque curve A is deficient at 100 per cent slip. Either 
B or C characteristic could be used. By using C the 
rated torque is available down to 5 per cent slip. This 
is an important consideration if the drive runs at that 
slip point for extensive periods of time. 

The foregoing points are readily apparent in further 
examination of Fig. 5 which represents a curve similar 
to C in Fig. 4 except that speed in rpm is substituted 
for slip. Fan and constant-torque load curves are 
superimposed to illustrate excess torque, or accelera- 
tion capacity, available at any slip speed. Partial exci- 
tation speed-torque curves are also shown to indicate 
the versatility of the unit. The speed-torque curve of 
a liquid-cooled coupling or brake is very similar to 
the 100 per cent excitation curve. The design point 
for a fan-duty load is circled. 

The magnitude of the slip for any particular appli- 
cation lies almost entirely within the jurisdiction of 
the engineer selecting the drive equipment. It is pos- 
sible to choose a unit for a clutching operation with 
1 per cent slip at the design point. Contrariwise, many 
cycling clutches are used with as much as 30 per cent 
slip. 

The magnitude of the slip loss for any speed and 
load point is calculated as follows: 


Slip, rpm 
- x hp (load) 
Output, rpm 


Hp loss 


A plot of these points for a constant torque load is 
a straight line from zero to the design operating point 
and design slip loss. The slip loss is directly propor- 
tional to slip speed. If the torque load is reduced, the 
losses are proportionately reduced. 

Every application presents its own problems and the 
equipment designer must judge the relative importance 
of maximum operating economy (minimum slip at 
operating speed) and the requisite amount of pick-up 
torque to break away the driven machine from rest. 
On certain process equipment, occasional peak torques 
are encountered. Here the size of the coupling must 
be such that the torque peaks fall within the perimeter 
of the 100-percent excitation curve. This is particularly 
important when the driving motor has a high pull-out 
torque rating. 

The table shows torque ratings at five points of the 
speed-torque curve. The slip rpm’s would fall on the 
steep portion of the curve and offer design points for 
any specific application. Peak torque is not at a de- 
finite speed, inasmuch as the slip is not an important 
consideration on momentary overloads. Pick-up torque 
represents the amount of torque available when the 
output end of the coupling is stalled and full accele- 
ration is used to pick up the load. Design points at 
50-, 75- and 100-rpm slip are all possibilities for figur- 
ing rated torque for a given drive and it is not desir- 
able to say which one is best. It depends upon the 
application. 
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The slip or lost rpm multiplied by the torque load 
can readily be converted to horsepower loss at any 
operating point. For a unit to operate continuously 
this internal loss must be dissipated. This requirement 
has lead to the development of units of two types, air 
cooled and water cooled. 

Since the heat is developed near the surface of the 
rotor where the eddy currents are generated the cool- 
ing medium must scrub this surface for effective cocl- 
ing. On air-cooled units centrifugal fans are normally 
built-in although some have been designated with axial 
fans or combination flow fans. On liquid-cooled units, 
for heavier torque applications water is commonly 
employed. 

This is very effective and permits the smallest 
physical size unit for a given capacity. Such units 
can operate continuously with the output shafts stalled 
if necessary. When water is scare and when wide 
load variation is encountered automatic proportioning 
valves are employed to meter the coolant flow in pro- 
portion to the loss. Anti-freeze solutions such as ethy- 
lene glycol have been successfully used as coolants. 


Automatic Control 


Industry in general has long sought a closely con- 
trolled adjustable-speed drive that can be powered 
directly from a-c power lines. The fact that the control 
power is such a small percentage of that transmitted 
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makes eddy-current equipment a logical choice. The 
table previously referred to indicates that less than 
, per cent excitation power normally is required. This 
percentage decreases with larger units; (a unit rated 
at 12,000-hp at 720 rpm, for instance, requires only 
30 kw of excitation power). 

Normal regulation of output speed within close 
limits (% per cent over a 20:1 range) is not uncommon. 
Regulation as close as 40 per cent has been achieved 
on several special drives. Where direct current is 
available it can be used for coil excitation, controlled 
manually by a rheostat or potentiometer. With an a-c 
power source, a transformer and metallic rectifier can 
be used for conversion; also a thyratron tube. For 
automatic speed control, a speed signal is necessary to 
provide servo control of clutch excitation. This is ob- 
tained from a tachometer generator coupled to the 
output shaft and used in conjunction with the basic 
electronic control circuit illustrated in Fig. 6. Rectified 
and filtered speed-proportional voltage from the gen- 
erator is applied to potentiometer R4, and its divided 
voltage is bucked against voltage obtained from speed- 
setting potentiometer R5 to govern the grid voltage 
and firing angle of the thyratron C1K and hence cur- 
rent to the clutch coil. A more detailed description of 
the circuit is given beside the diagram. 

In starting up, voltage from R5 is practically unop- 
posed and full clutch excitation is supplied. As the 
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Section I is the main rectifier 
power source for the clutch coil 
provided by grid control of thyra- 
tron C1K. Selenium rectifier F 1 
provides a directional discharge 
path to maintain clutch coil cur- 
rent during the half cycle the tube 
is not conducting. 

Section II provides d-c_ refer- 
ence voltage for potentiometer R 5 
obtained from secondary winding 
S 3 of the transformer T 1 and 
one-half of vacuum tube rectifier 
6AX 5, filter capacitor C 6 and 
cold- cathode voltage regulator 
OC 3. Relay A has a holding con- 
tact A 1 in conventional 3-wire 
pushbutton circuit and a second 
contact A 2 in clutch coil power 
supply. It also prevents cold start 
of tube CIK because heater of 
tube 6AX5 (which supplies relay) 
is operated off same supply trans- 
former. 

Section III. Speed-proportional 
voltage signal from a-c tachometer 
generator is rectified through other 
half of tube 6AX5 and _ provides 
d-c voltage across potentiometer 
R 4. 

Section IV combines phase- 
shifting and grid bias circuits for 
controlling the conduction angle of 





FIG. 6—Basic electronic circuit for automatic speed control of eddy- 


current couplings. 





the thyratron tube during any half 
cycle of the a-c wave. Grid bias is 
provided by selenium rectifier F 5 
and potentiometer R 7, while the 
magnitude of an a-c rider wave 
voltage which governs the critical 
grid voltage and hence plate con- 


Generator 


duction, is governed by potentiom- 
eter R 3. 

Potentiometer R 7 provides 
enough current to the clutch for it 
to start transferring torque when 
speed-control potentiometer R 5 is 





output speed approaches that of the speed setting of 
potentiometer R5, and generator voltage is built up, 
voltage from potentiometer R4 tends to reduce the 
positive voltage on the thyratron grid and hence the 
clutch-field current. Overrunning of the potentiometer 
setting due to time constants of the mahince and con- 
trol is automatically corrected by the voltage signal 
from potentiometer R4. The position of the arm of the 
latter governs base speed and becomes a maximum 
speed adjustment. Potentiometer R5 governs the speed 
between stall and the preset maximum base speed. 

Since a thyratron is an on-off device, a phase-shift 
circuit is necessary to control its angle of conduction. 
Section IV of the circuit performs this function. 

When there is need for more than one speed setting. 
a switch is provided to bring in auxiliary poten- 
tiometers. Multiple preset speeds can be obtained 
automatically with a cam switch arrangement. Aux- 
iliary circuits added to basic speed control provide 
for the usual functions of inching, jogging, threading, 
linear or logarithmic acceleration, cascading of mulkti- 
ple units and many others. 

Incorporation of sealed relays and other components 
provides a dust-tight heavy duty industrial electronic 
control that performs in dirty atmospheres. Adaption 
of magnetic amplifier type controls has resulted in even 
more rugged controls. 

The operation of an eddy-current clutch is often 
compared to that of a wound-rotor motor. This 
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barely off the zero position. 


similarity is predicated on the unit being driven by 
a constant-speed motor. Unlike a motor, however, 
liquid-cooled eddy-current equipment can be operated 
continuously at any torque point within the speed- 
torque curve. The fact that for a clutching function 
the unit has no definite operating point, other than 
determined by load, makes it difficult to rate the unit. 
On electric motors the horsepower rating is customarily 
given at a fixed speed. Since any reasonable speed can 
be accommodated by eddy-current units a more basic 
yardstick must be employed for rating capacity, namely 
torque capacity. Hence the problem resolves. itself 
into selecting a frame size with sufficient torque ca- 
pacity at the selected operating point. Other factors 
include mechanical limits in regard to maximum speeds 
and dissipation of heat loss, already mentioned. 

The table indicates the torque range of standard 
water-cooled couplings, while Fig. 7 plots correspond- 
ing horsepower ratings for a range of shaft speeds with 
constant slip of 50 rpm. To illustrate how a given 
coupling would be matched to motor horsepower, con- 
sider Model 20 W which is designed to transmit a con- 
stant torque of 45 lb-ft at a slip of 50 rpm at any input 
speed up to 3600 rpm. If a 2-pole squirrel-cage motor 
is used for input power, its full load speed is 3450 rpm 
and therefore the output speed of the coupling would 
be 3400 rpm. The chart, Fig. 7, indicates that a 30-hp, 
3600-hpm motor could be applied; also a 15-hp, 1800- 
rpm motor or a 74-hp, 900-rpm unit, since all three 
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FIG. 7—Selection chart for standard Dynamatic liquid-cooled eddy-current couplings rated 
at 50 rpm slip, based on horsepower. Ranges above the dash line call for special study. 


have the same torque rating. Starting torque at the 
coupling (100 per cent slip) is 130 lb-ft and peak 
torque for transient overloads is also 130 Ib-ft in all 
three applications. 

It is sometimes overlooked that on a d-c constant- 
horsepower drive motor frame sizes must be selected 
for the torque required at basic speed. With a 2:1 
speed range the equipment is sized to develop the 
torque at 50 per cent of top speed, or base speed. 
From the standpoint of torque capacity only, at the 
top speed the machine has a horsepower capacity 
double the rating at the base speed. This is also true 
with eddy-current couplings driven by constant-speed 
a-c motors. Since such motors are rated in horsepower 
at top speed it would appear that they are oversized 
for the half output speed or design point. Such is not 
the case, however, as the torque requirement at that 
point is double that at the top speed, thus fixing the 
motor frame size. Generally then, eddy-current cou- 
plings are as well adapted to constant-horsepower 
drives if the speed range is not too great. 

For constant-torque loads or industrial fan loads, 
water-cooled couplings are well suited. On fan or 
pump loads air cooling is ordinarily used as the maxi- 
mum slip loss is less than 20 per cent and can usually 
be dissipated to air. 

Machine tool drives, industrial fork lift truck drives, 
shaft driven paper machine drives, calender drives, 
extruder drives and metal rolling drives are only a few 
applications of this type of equipment. 


Conclusions 

Eddy-current rotation equipment and electronic con- 
trols can be used in any application where close speed 
control is a requirement. The smooth stepless accele- 
ration permits the use of standard synchronous motors 
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on many jobs which otherwise might require a special 
type of a-c motor. Thus, power factor correction for 
the a-c power supply is possible as an added advantage 
to fine speed control. 

From a control standpoint speed regulation as good 
as in competitive equipment is obtainable on any ap- 
plication. Wher required, more precise regulation is 
possible than is normally found. The availability of 
standard electronic components presents no problem 
in maintenance. Generally controls are serviced by 
plant personnel without outside assistance. 

While applications differ widely, it can generally be 
stated that from the design speed down to about 85 per 
cent motor speed these units, when used with unity 
power factor synchronous motors, are more efficient 
than other comparable drive systems. From 85 to 70 
per cent speed the efficiency is about equal; further 
speed reduction shows a disadvantage in some cases. 
The importance of efficiency on a particular applica- 
tion is somewhat dependent on the proportion of 
operating time at a reduced speed. Very often effi- 
ciency at reduced speed is of little consequence due 
to the good efficiency at top speed. 

Above a 25-hp, 1700-rpm size the first cost of the 
packaged squirrel-cage motor drive ordinarily is lower 
than comparable d-c motors with conversion equip- 
ment and control. Where these units can be applied 
on fan and variable-torque loads, this is a distinct 
advantage. When constant horsepower is required 
over a relatively narrow range of roughly 2:1 in a size 
from 100 to 500 hp a liquid-cooled coupling is manda- 
tory. The first cost of such a unit with control and 
motor is comparable to a three-unit Ward Leonard 
variable-voltage system. A requirement for wider speed 
range by constant horsepower may make the latter 
system more economical. O00 
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Design Considerations in 


Miniature High-Voltage 


Airborne Components 





An analysis of operational and environmental factors that affect the design of | 


high-voltage switches. relays and radio coils to meet Air Force requirements. 
> PD ¢ « 


The analysis leads to the development of a formula for the “Working Air Gap.” 


M. Raymond Alexy 

Engineer, Aviation Dept., RCA Victor Division 

Rapio CORPORATION OF AMERICA 

COMMERCIAL HIGH-VOLTAGE COMPONENTS capable of 
supporting potentials in excess of 10,000 volts are not 
readily available. Those available are generally too 
large to be accommodated in relatively small airborne 
equipments. The need for miniaturization of com- 
ponents is thus apparent. 

Figs. 1 to 4, inclusive, illustrate typical miniaturized 
components. These will support voltages in excess of 
10,000 volts at 15,000 ft altitude, at frequencies in the 
order of 20 x 10° cps. Size and weight has been kept 
to a minimum consistent with the requirements of the 
Air Force (the customer), the basic specification being 
AN-E-19. All of the units have been life-tested with 
satisfactory results. Table I describes the more impor- 
tant characteristics of each component. 

A design procedure for organizing the known and 
unknown factors related to the high-voltage problem 
is now analyzed in a logical sequence: 


Known Factors 


1. Voltage, Current and Frequency. Peak voltages 
must be used to determine sparking effects and actual 
are or flashover. The rms values should be used to 
ascertain the heating losses through any insulating 
material. 

The current does not materially affect the arc-over 
voltage; it does however affect the flashover voltage. 
This can be reduced by increasing the current. If the 
unit to be designed must deal with high currents, the 
effects must be seriously considered. Since the current 
was rather low, (10 amp maximum) in the components 
described here no investigations were made in this 
regard. 

Operating frequency is a major factor, particularly 
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in the megacycle region. A considerable difference | 
exists between breakdowns at 60 cycles and those at 20 
megacycles and higher. This is especially evident 
when dealing with breakdowns through an insulating 
material. 

2. Service Requirements. These are very important. 
The ultimate design will be determined to a great 
extent by such important considerations as altitude, 
temperature, humidity, and the presence of dust 
and ice. 

3. Space Limitations and the Form Factor. Compo- 
nents in airborne equipments must approach the abso- 
lute minimum in size and weight. Chassis space in the 
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plan view is generally at a premium; the engineer 
should lean to high slender packaging rather than 
short squat design. Plan area necessary to accommo- 
date a number of high-voltage units will thus be kept 
to a minimum. 

4. Safety Factors. Such factors for gaps and dis- 
tances between mounted electrodes are difficult to 
establish. They depend on service requirements, space 
limitations and, to a great measure, on the engineer's 
personal judgment. No set rules apply! If dirt and 
moisture are present on an insulating surface the safety 
factor must be increased. If space is insufficient the 
safety factor has to be decreased. 

The customer often decides the safety factors. For 
example, some military specifications are set up to 
meet conditions of operation that may be only seldom, 
if ever, actually experienced. The design approach, 
therefore, is to determine the extreme conditions ac- 
cording to specification and to use a safety factor 
approaching unity (1) in the interest of miniaturiza- 





FIGS Tt TO 4 illus- 
trate high - voltage 
with 
characteristics sum- 
marized in Table I. 





components 
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* Arc-over, flashover, or sustained corona 
These breakdowns occur be- 
tween the weakest points (electrically) 
within each unit. 


tion. This will then vary from that approaching unity 
under the very worst conditions to some value prob- 
ably in the order of 2 or 3 under the conditions nor- 
mally to be expected. If the design is for some com- 
mercial application that does not have well-defined 
requirements, the safety factors should be consistent 
with good practice based on the nominal conditions. 

Proximity to other units will influence the safety 
factor. Since it is almost impossible to predict just 
what this effect will be, it should be disregarded until 
the unit is built into complete equipment. The engi- 
neer can compensate for this unknown factor by allow- 
ing sufficient space around the unit when planning the 
entire layout. 

The shape of high-voltage parts should be consid- 
ered; also the finish. If corona sparking effect is so 
critical that very highly polished surfaces are neces- 
sary, then the safety factor should be increased. Allow- 
ances also must be made for field scratches, nicks, 
dents, etc., on highly finished parts. 

Unknown Factors 


1. Selection of Insulating Materials. Table II lists 
the more important properties of selected materials 
suitable for use at radio-frequencies around 20 me. The 
electrical characteristics that are desirable are: Low 
loss; high resistivity; high dielectric strength; high- 
temperature resistance; low water absorption; free- 
dom from carbonization if flashover occurs. 

Mechanical requirements also must be satisfied. In 
miniature high-voltage design, in particular, the me- 
chanical features may dictate the material selection 
even more so than the electrical. Obviously, the mate- 
rials examined should include all the best electrical 
properties. 

The design specifications of the miniature compo- 
nents discussed here required the insulation to be 
excellent electrically and mechanically since the oper- 
ating voltages and frequencies were high, and the 


Table I—High Voltage Component Characteristics 





Break- 
down 
voltage, 
Major sea 
dimensions, | Weight,| level, Summary of design 
in. | OZ. 25 C* features 
2x1%x3% 8 10,200 |(a) 5 poles (1 high voltage) 
(b) Synchronized contacts 
(c) Adaptable for keying 
(d) hee gs type 
(e) Built-in holding switch 
2x2x4 11 | 19,600 |(a) 3 poles (1 high voltage) 
(b) Synchronized contacts 
(c) Short stroke solenoid 
| actuates long stroke 
high voltage contact 
| (d) Built-in holding switch 
3%x2%x54| 18 19,400 |(a) 3 a (1 high volt- 
a 
(b) Completely automatic 
(ratchet motor type) 
3x44%x9 68 9,100 |\(a) Operated at approxi- 
mately 1000 rpm 





(b) Built-in brake 
(c) = high voltage 


y 
(d) Operates with low tor- 
que (3 in.-oz) 
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TABLE II—PROPERTIES OF SELECTED INSULATING MATERIALS* 














> Specimen thickness. 


temperature and humidity ranges extreme. Of the 
many materials investigated, glass-bonded mica was 
found to provide the best combination of properties 
meeting these requirements. Table II provides some 
comparative data on Mycalex glass-bonded mica, 
which was the material finally specified in either Grade 
400 or 410. It was specified owing to its electrical and 
mechanical properties, particularly for its ability to be 
held to close tolerances and its compatibility with 
molded-in inserts. 

2. Corona Sparking Prevention. In considering this 
problem, it is important even for an experienced engi- 
neer to have a clear distinction in his mind between 
corona, corona sparking, arc-over and flashover. These 
are frequently confused. 

For average conditions if a voltage gradient ap- 
proaching 25 kv/cm exists, corona will begin to appear. 
If the gradient is higher, corona sparking will occur. If 
further successive layers of air surrounding the elec- 
trode are ionized, arc-over or flashover between the 
electrodes will take place since ionized air is virtually 
a conductor. 

Voltage gradient is influenced by the design con- 
figuration. Spherical shapes are generally the best. In 
miniature designs it is possible only to approximate 
the ideal conditions because of space limitations. To 
some extent, the rounding of all corners is a necessity 
for parts directly in the area of the high-voltage field. 

The relay illustrated by Fig. 1 uses a high-voltage 
contact spring 0.016 thick with the edges rounded to a 
tangential radius (0.008 R). This slight rounding caused 
the corona-sparking voltage to be increased by approx- 
imately 1100 volts, representing a considerable part of 
the breakdown voltage (10,200 volts). It follows that 
any rounding will have some effect, however smal] the 
radius may be. 

Various voltages demand various degrees of round- 
ing. Up to about 2000 volts at sea level almost any- 
thing will work, relatively sharp corners included. From 
2000 to 6000 volts reasonably well-rounded corners are 
required. From 6000 to 20,000 volts a study must be 
undertaken to establish the contours of the electrodes. 

Corona sparking and arc-over may emanate from 
either the positive or the ground electrode, not as 
commonly believed only from the positive or “hot” 
electrode. The dielectric strength of air intimately 
surrounding the positive electrode is slightly weaker 
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Glass- | 

bonded | Elec- | Methyl Fluorocarbons 

mica | trical | Poly- metha- 
Property (Mycalex)| Steatite | glass | styrene crylate Kel-F Teflon 
Dielectric constant Bs. 4 6.1 | 5:5 2:5 2.6 2.4 2:9 
Power factor, 1 mc 0.0016 | 0.0015 | 0.0048 0.0003 0.0145 0.0082 | 0.00020 
Loss factor, 1 mc 0.0132 | 0.0092 | 0.0264 | 0.00075 | 0.0377 | 0.0196 | 0.00042 
Dielectric strength volts/mil, 25 C 450 | 240 | 500 | 600 990 390 | 1000 

| (0.125) | (0.125) | (0.125) | (0.125) | (0.030) | (0.125) | (0.005) 

Arc Resistance, Sec 275 0 500 95 | : : 
Water absorption, 24 hr, per cent .02 | 05 | 0 | 04 | 40 0 | 0 
Heat distortion, deg C 350 1000 | 720 | 88 85 105 | 130 
Specific gravity 3.4 a. | 2.6 | 1.06 1.18 2.1 2.2 
Tensile strength, psi 6000 9000 | 11,000 7000 9000 5700 | 1800 
Compressive strength, psi 29,000 80,000 | 100,000 | 13,000 50,000 | 700 


® Average values compiled from manufacturers published data, all based on applicable ASTM tests. Tests are in general at 1 me. 





12,000 





(approximately 10 per cent) than the air around the 
negative element. Since the dielectric strength is so 
similar it is difficult to predict the source of sparking 
unless the electrode shapes are identical and the field 
homogeneous. It is a point of caution therefore to be 
concerned with both electrodes in the high-voltage 
area. This was overlooked to some degree in the 
early development of the components under discussion. 
(See Figs. 1-4 and Table I.) 

Certain types of electrodes are not adaptable to 
rounded configuration. A corona shield may then be 
employed. It should surround (though not necessarily 
completely) the poorly shaped electrodes in such a 
manner as to prevent any breakdown voltage gradient 
in the surrounding air. 


The ideal electrode configuration is one tending 
towards a homogeneous field. In the order of prefer- 
ence to achieve this condition are: (1) parallel flat 
plates (discounting edge effects); (2) adjacent cylinders: 
(3) concentric cylinders; (4) adjacent spheres; and (5) 
concentric spheres. In any event, the corona shield 
must have rounded corners, generous within the limits 
of the design. Even though the sharp-cornered parts 
within the shield are somewhat exposed, they are at 
the same potential as the shield and hence will not go 
into corona sparking because the gradient has been 
reduced below the critical point. 

Even if the distance between the high-voltage elec- 
trodes must at times be reduced in order to include 
a corona shield on one electrode, the unit will gener- 
ally operate at higher potentials. While the gradi- 
ent about both electrodes has been increased by the 
reduced distance between them, the gradient about 
the offending electrode has been improved to the ex- 
tent where it supports the voltage. This assumes of 
course that the reduced distance is not sufficient to 
increase the gradient on the unshielded electrode to 
the level of puncture. 

Comparisen between the high-voltage contact 
springs of Figs. 1 and 2 will illustrate the effectiveness 
of a corona shield. The spring in Fig. 1 is 0.016 in. 
thick with rounded edges. It will support a consid- 
erably lower voltage, however, than an identical spring 
without rounded edges but surrounded by a corona 
shield, as shown in Fig. 2. The order of difference has 
not been determined since the breakdown point of the 
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FIG. 6 (Above)—Test panel for are- 


over in air tests. 


FIG. 5 (Right)—Breakdown voltage in 
relation to airgap distances and elec- 
trode configuration at 2 me. 


spring assembly with shield is in excess of 20,000 volts, 
the limit of the “hi-pot” apparatus used. 

To this point the discussion has been confined to 
corona sparking prevention in air. These undesirable 
effects can also take place within the body of an insu- 
lator, between the insulator and any elements passing 
through or embedded in it. It is most important in the 
preliminary design stage to eliminate any factors that 
may cause possible internal corona sparking. In most 
instances it will be impossible to visually inspect the 
assembly for corona sparking. Its existence can be 
detected, however, from the additional heating of the 
insulator (even to the point of failure) or from the 
buzzing noise associated with it. 

A good intimate contact between the insulator and 
electrodes can be achieved in some materials by mold- 
ing the electrodes into the insulator. This method is 
recommended above all others since with properly 
molded inserts it is possible to eliminate the risk of 
occluded air pockets, which are the offenders in regard 
to internal corona sparking. The dielectric strength 
of two insulations in series is inversely proportional 
to the dielectric constants: Since air has a dielectric 
constant of 1, and any other insulating material is 
greater than 1, the air may be stressed past the break- 
down gradient. It is only because very thin layers of 
air possess extraordinarily high puncture strength (as 
high as 200 kv/cm around very small electrodes) that 
more trouble is not experienced in this regard. 

Mycalex 410 glass-bonded mica combined with 
stainless steel inserts was used successfully in the com- 
ponents illustrated. Stainless steel is a rather poor 
conductor of r-f current but has practically the same 
coefficient of thermal expansion as the glass-bonded 
mica. Over the temperature ranges required by the 
specifications no air-gaps form internally. 

Where it is impossible to use an insulating material 
with a similarly desirable relation with its inserts, these 
methods can improve the situation: 
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Breakdown voltage, kilovolts 


Electrode tip shape 
Tangential Sharp 
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a. Fill the gap between the insulator and inserts 
with a colloidal graphite such as Aquadag or a 
grease with a high dielectric constant. 

b. Plate the insulator along the line of contact of the 
insert and either press-fit or solder the insert. 
Ceramic insulators are very often treated in this 
manner. 

c. Fuse the insulator to the insert by heat or by the 
use of an additional bonding element. The former 
method is used when working with glass, the 
latter with ceramics and glazed joined inserts. 

If the unit is to be designed for. voltages around 
10,000 volts it will be wise to avoid soldered terminals. 
In Figs. 2 and 3 set screws embedded in corona shields 
are employed to fasten the take-off wires. 

3. Arc-Over in Air. The curves in Fig. 5 reflect the 
results of a test procedure as outlined below: 

a. Ambient temperature, 25 C 

b. “Hi-pot” output frequency, 2 megacycles 

c. Average relative humidity, 48 per cent 

d. Carefully controlled dirt exclusion from electrode 


tips 

e. Carefully controlled air-gap and electrode align- 
ment 

f. Electrodes polished after each breakdown if 
necessary 


JS 


. Average of 3 arc-overs for each electrode diam- 
eter, tip shape, and air-gap. 
Fig. 6 illustrates the test panel. Adjustable and re- 
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placeable aluminum electrodes are supported by sta- 
tionary members mounted on a Mycalex 400 insulator. 
These members are far enough removed from the 
breakdown area to have no field distortion effects. 
Electrode diameters and the test arc-over distance 
between them were varied as a geometric progression 
with a ratio of 2. Specifically, the diameters are *45, 
34, and % in.; the air gaps are 4¢, %, 4 and 4 in. The 
“tip” shapes of the electrodes vary from a flat surface 
with absolute sharp edges to a true tangential spherical 
radius. The intermediate shape uses a main spherical 
radius equal to three-fourths of the diameter in con- 
junction with blending radius equal to one-eighth of 
the diameter. 

Both the “tip” shapes and air gaps were selected be- 
cause they closely resemble the condition encountered 
in miniature high-voltage design. The working volt- 
ages usually prevent the use of diameters less than 345 
in., while the space limitations preclude the use of 
diameters above % in. 

Within reasonable error, the air-gap necessary for 
any particular physical set of conditions can be inter- 
polated from the curves. Formulas showing the differ- 
ences are available for the more common geometric 
figures. The curves for the intermediate-tip shape 
have been eliminated for clarity. In general these 
would lie between the flat and tangential tips but 
closer to the latter values. 

The tip shape begins to have more influence, the 
larger the gap. Hence in high-voltage design where 
the gaps would be relatively large, tip shape assumes 
considerable importance. If space permits, the elec- 
trodes should be terminated in a tangential radius. 

4, Flashover Along a Surface. To be consistent with 
the “arc-over in air” set-up, a geometric progression 
of electrode sizes and flashover gaps was again em- 
ployed (Fig. 7). Aluminum electrodes 345, 34, and 
% in. diam. respectively, are separated by a Mycalex 
400 insulator, the distance between electrodes being 
x, 4, 2, and 1 in. Each electrode is terminated by a 
tangential snherical radius to avoid corona sparking. 
Close push-fit assembly was utilized to avoid internal 
corona. Slots and barriers were used to study the 
effects of a longer insulating path between electrodes 
without changing the distance between them. Test 
procedure was the same as with the “arc-over in air” 
test. The insulator was kept free from dirt and mois- 
ture at all times as an added precaution. 

Flashover with clean dry surfaces is not a material 
constant. It depends not only on the distance between 
electrodes but also on the configuration of the solid in- 
sulator and on the methods employed to throttle the 
breakdown current. In addition, under other than 
ideal conditions, flashover is considerably affected by 
service conditions. The following conclusions were 
reached as a result of tests. (Flashover distance is 
suggested here as a better term than leakage path 
since it does not infer that the breakdown voltage is 
purely a function of length.) 

Flashover distance on straight surfaces between 
electrodes should be from 1% to 2 times the arc-over 
distance; this applies only where the surfaces are rea- 
sonably free from dirt and moisture. This rather low 
factor may be questioned but remember that with zero 
per cent relative humidity, and absolutely dirt- and 
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moisture-free surfaces, the dielectric strength of air 
along the insulator boundary is practically the same as 
the surrounding air. The arc-over and flashover voltage 
values are thus practically the same. Also, the flashover 
strength of air decreases very rapidly with increased 
length; consequently long paths quickly lose their 
effectiveness. An ineffective arrangement cannot be 
tolerated in miniature designs. No improvement at all 
was noticed with the addition of slots between the 
electrodes as shown in Fig. 7. The flashover actually 
jumped across the slot. 

A poor insulator configuration will decrease the 
flashover voltage. The introduction of high barriers 
between the electrodes as in Fig. 7 is a typical exam- 
ple. Here the flashover distance is certainly increased 
but with adverse results. Comparison between the 
breakdown voltages of identically spaced electrodes, 
with and without these barriers, revealed a breakdown 
ratio in favor of the arrangement without the barrier. 
Although the nature of the breakdown changed from 
pure flashover without the barrier to sustained corona 
sparking with it, they both must be regarded as break- 
down. This sparking occurred between the electrode 
and the barrier and will eventually damage the insu- 
lator because of the local generation of heat. High 
barriers close to the electrodes will cause premature 
breakdown because of the capacity effect and should 
not be used in miniature design. 


Proper Use of Barriers 


In contrast to the above, barriers, if properly shaped, 
will increase the flashover voltage by current throttling. 
Gentle ribs properly spaced between the electrodes 
can be used. The critical voltage will not be changed 
but the initial evidence of discharge will change from 
an are to visual corona. Assuming that visual corona 
(not corona sparking) does not appreciably affect the 
efficiency of the unit then the breakdown voltage will 
have been raised. 

For instance, if a round smooth pillar is used to sup- 
port two flat electrodes, the flashover voltage may be 
10,000 volts where the discharge was an immediate 
arc. If ribs are used, the visual corona is still at the 
10,000-volt level of the rib-less design, but the dam- 
aging arc has been suppressed until 13,000 volts are 
necessary for flashover. Although mechanical restric- 
tions in miniature design make it difficult to take full 
advantage of ribs or corrugations, their inclusion is 
recommended where possible. 

Current throttling may also be accomplished by the 
application of a semiconducting coating to the insu- 
lator. This coating should have a high surface resist- 
ance in the vicinity of 5000 to 50,000 megohms per 
square. The exact value depends on the service condi- 
tions, particularly altitude. Several materials are read- 
ily available for such treatment. 

5. Temperature Effects. The same test panels (Figs. 
6 and 7) were used to study arc-over and flashover 
effects at room temperature (25 C) and 100 C. The 
latter value was selected since it provides a safety 
factor in relation to the maximum operating temper- 
ature of 71 C set up in AN-E-19, the basic specification 
used in the design of the miniature components. 

Tests with various electrode sizes, tip shapes, air 
gaps, and flashover distances showed that the average 
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FIG. 7 (Above)—Test panel for flash- 
over tests showing also barriers and 
slots. Both panels utilize glass-bonded 
mica insulator elements. 


FIG. 8 (Right)—Are-over in air at 
altitudes to 50,000 ft. Electrodes have 
3/16 in. tangential tips. Tests at 2 me. 


breakdown voltage was reduced by approximately 
22 per cent when the temperature was increased from 
25 C to 100 C. This established a temperature factor 
that compares almost exactly with the theoretical 
value of 25 per cent, as calculated from recognized 
temperature formulas. The difference can be attrib- 
uted to experimental deviations. (The reciprocals of 
calculated temperature factors are utilized in deter- 
mining the “working air gap” as discussed at the close 
of the article. ) 

Temperature effects are often neglected even though 
they are quite important. Fig. 5 indicates the rapid 
change of slope of the arc-over curve at higher volt- 
ages. This means that with small increments of addi- 
tional voltage, much larger air-gaps are required. To 
illustrate, assume a unit must be designed for a 100 C 
application, capable of supporting 10,000 volts and 
using electrodes with diameters of *45 in. with tangen- 
tial tips. Since the temperature factor is 1.25 the 
working voltage from which the air-gap is determined 
is 10,000 x 1.25, or 12,500 volts. The air-gap from Fig. 
5 is read as 0.280 in. If we disregard the temperature 
the air-gap at 10,000 volts would be 0.155 in. In min- 
iature designs the difference of 0.15 in. is considerable. 

6. Altitude Effects. The critical breakdown voltage 
of air is directly proportional to the air pressure and 
consequently inversely proportional to the altitude. 
This law is expressed by: 


b 
Vi = V--—— 
29.92 
where 
V1 = Critical voltage at pressure b 
V = Critical voltage at sea level 
b = Pressure (inches of mercury) 
b 
For convenience, the reciprocal of the term ———— 
29.92 


in this formula is calculated and designated as the 
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altitude factor. Calculated and experimental altitude 
factors for various altitudes are compared in this table: 


Altitude, ft 10,000 20,000 30,000 40,000 50,000 
Factor (calculated) 1.46 2.18 3.837 541 8.70 
Factor (experimental) 1.30 1.78 240 3.28 4.46 


In the author’s opinion, the noticeable difference 
between the calculated and experimental factors is 
explained by the description of the voltages V, and V 
in the formula. Here, they are mentioned as critical 
voltages, defined as the first indication of breakdown, 
as characterized by light or noise of very small mag- 
nitudes. Since phenomena of this order cause little, 
if any harm to the component or associated circuits 
they can be disregarded from the practical viewpoint. 
The experimental factors were determined either when 
pure arc-over or sustained corona sparking occurred. 
The author therefore feels that they are reliable factors 
and recommends their use in miniature designs. (The 
components illustrated in Figs. 1 to 4, inclusive, reflect 
these factors. ) 

Another apparent contradiction of the formula 
occurs in vacuum devices. Here, the pressure is ex- 
tremely low and yet the puncture strength of air is 
extremely high. Very small gaps are capable of sup- 
porting very high voltages. 

The formula dictates that by increasing the air pres- 
sure the critical voltage will also be increased. Many 
high-voltage equipments use this principle to advan- 
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tage by pressurizing the entire equipment or sections 
thereof. Components not capable of supporting high 
voltages even at sea level can thereby be used. How- 
ever, this method introduces pressurization problems 
accompanied by increased system weight, size and 
expense. 

Typical curves expressing the altitude effects on the 
34 ,-in. diam, tangential-tip electrode are shown as Fig. 
8. The average of all tests is represented by the curve 
of Fig. 9. These factors should be used only as a func- 
tion of the voltage and not of the air-gap. For instance, 
to establish the necessary gap to support a particular 
voltage, at a particular altitude, multiply the voltage 
by the appropriate factor, then, by using this new 
voltage, determine the gap from one of the curves of 
Fig. 5. If the gap is known for a particular voltage at 
sea level, divide the voltage by the appropriate factor 
to determine the voltage rating of that gap at the 
altitude of interest. (Refer to Fig. 8.) 

7. Service Effects (Dust, Moisture, Ice). We are 
concerned only with those adverse conditions of en- 
vironment that tend to reduce the voltage at which a 
particular arrangement will arc-over, flashover or go 
into corona-sparking. The same test panels were again 
used for this investigation. It was generally concluded 
that ordinary amounts of dirt, moisture or ice did not 
materially decrease the breakdown voltage when 
dealing strictly in air as in panel Fig. 6. 

To determine the effect of ice, sharp projections of 
ice were built up between tangential electrodes, 
thereby transforming the electrodes to needle points. 
The distance between the ice tips was one-half that 
between the electrodes proper. A series of experiments 
revealed no appreciable voltage difference between 
breakdowns with or without ice. Ice is a reasonably 
good conductor and so it is difficult to explain this 
phenomenon. Apparently but very little current flows 
through the ice projections since the time required to 
melt the ice was the same with or without voltage 
being applied to the lectrodes. If a complete bridge 
of ice is built up in the air-gap a poor short circuit is 
created, the current losses quickly melt the ice, but no 
arc-over takes place even at the instant the bridge 
is broken. 

The presence of dust, moisture, etc., on the insula- 
tion between electrodes is a more serious matter. Un- 
predictable things can happen, making it difficult to 
analyze the test results in a quantitative manner. For 
miniature components where a reasonable amount of 
dirt and moisture will be the environment, a flashover 
distance of between 2 and 3 times the arc-over dis- 
tance would seem to be a satisfactory arrangement. 
This assumes that advantage is taken of all techniques 
that tend to control the flashover voltages. 

Generous amounts of ordinary dust collected from 
the laboratory were sprinkled between the electrodes 
of panel Fig. 7. This was done for each size of elec- 
trode but only on those spaced at % and 1 in. Com- 
parisons were made between flashovers with straight 
insulation paths and those where the insulation path 
was broken by a slot or barrier. These results in turn 
were compared to similar tests with clean insulating 
surfaces. 

The dust causes corona-sparking at very low volt- 
ages and decreases the eventual flashover voltage. The 
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initial sparking ceases after sufficient dust is burned or 
swept away from the electrodes if the voltage is main- 
tained. Increasing the voltage will create still more 
sparking. This procedure will continue until the 
gradient between the electrodes reaches the flashover 
value. Barriers are not recommended, since they do 
more harm than good. Slots raised the flashover volt- 
age to some extent, but not enough to be considered 
in the component design, if their inclusion is difficult. 

A film of frost was allowed to form on all parts of the 
test panel. By immersing the panel in a cold chamber 
at —40 C and then withdrawing to room temperature. 
condensed moisture was frozen by contact with the 
cold elements. Breakdown measurements were then 
attempted with the same sets of electrodes used in the 
other tests. If the voltage is built up slowly, the losses 
generate enough heat to melt the frost and then the 
water that remains will very quickly be evaporated by 
small corona sparks. The durations of the sparks are 
mainly a function of the wetting characteristics of the 
material. In any event, the flashover voltage will be 
essentially the same as if the insulator were clean 
and dry. 

If the voltage is built up rapidly, as is usually the 
case in actual practice, then flashover will occur at 
much lower voltage, compared to the clean condition. 
The flashover will not sustain itself however because 
the frost disappears due to the heat of the flashover 
spark. The requirements of the design will determine 
whether this premature, momentary flashover is serious 
or not. Here again the barriers are of no value, but the 
slots help to break up the frost path and show an 
increase in the flashover values for rapid voltage build- 
ups. Reference is made to Fig. 2 where a slot was 
included in the top Mycalex support to break the path. 
Slots were also employed in the end plates of the coil 
of Fig. 4. 

It is suggested that a desiccant such as silica gel be 
used in the overall equipment or within the housing 
of the component, to absorb all moisture that could 
condense and freeze at low temperatures. 


Moisture Resistance Essential 


Resistance to surface wetting and moisture absorp- 
tion in the selection of the insulating material will 
greatly facilitate the maintenance of “ordinary-condi- 
tion” flashover values. Surface wetting occurs when 
the cohesion between the water particles becomes less 
than the adhesion between the particles and the mate- 
rial. The water instead of forming a film between the 
electrodes will be broken into globules or drops when 
the surface cannot be wet, thereby presenting a much 
longer flashover path. Materials such as glazed 
ceramics or electrical glass can be very easily wet and, 
if they must be used, should be treated with some 
water-repellent agent. 

The effects of water on nonwetting surfaces are sim- 
ilar to frost. Briefly, corona sparking at low voltages 
dries up the water with gradual voltage build-up and 
does not greatly affect the flashover values. Rapid 
voltage build-up creates a momentary flashover. Bar- 
riers do not help but slots improve the situation. Tap 
water, since it has a conductivity considerably higher 
than distilled water, will slightly lower the flashover 
values. If the material is easily wet, a film of water 
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will exist creating a short circuit, with obvious con- 
sequences. 

Humidity must be considered since the flashover 
strength of air varies inversely with it. There is ap- 
proximately a 2-to-1 difference between the flashover 
strength at zero per cent and 100 per cent relative 
humidity. At zero per cent the flashover approaches 
the arc-over strength which is not affected by humid- 
ity. In fact the arc-over strength increases somewhat 
with increased humidity provided the electrodes are 
kept dry. 

8. Adjacent Elements and Field Distortion Effects. 
The usual procedure in designing a large equipment is 
to assign a certain space for each component. If the 
component is not yet designed then good judgment 
from experience will dictate the space to be allotted to 
it. If the component is to be of the miniature high- 
voltage variety then extra precautions must be taken to 
allow enough space. 

The high-voltage component may function satisfac- 
torily when surrounded only by air but may break 
down because the field is distorted in the area of the 
high-voltage elements, when installed. Unfortunately 
it is difficult to predict the effects of surrounding parts 
especially since the shape of these parts in the early 
stages of design may be as yet unknown. The problem 
resolves to a “cut and try” affair except for the ob- 
servance of certain fundamental rules. In an attempt 
to minimize future design changes, it is suggested that: 

a. All adjoining elements in the vicinity of the high- 
voltage parts of the component be kept at a dis- 
tance equal to the component arc-over spacing 
plus an adequate safety factor. 

b. An attempt should be made to shape the adjoin- 
ing elements to least distort the component high- 
voltage field. 

c. Adjacent elements made from insulating mate- 
rials should be treated with respect. While such 
parts in general can be somewhat closed than 
ground elements they can still distort the field and 
cause breakdown. There are instances where the 
designer, in seeking to reduce the voltage gradi- 
ent between the component and some adjacent 
ground element, has introduced an _ insulating 
element only to find that the gradient has in- 
creased perhaps to the puncture level. In this case 
the arrangement incorporates two insulating ma- 
terials of different dielectric constants in series, 
where one tends to overstress the other. 


Determining the Working Air Gap 


Of major interest to the engineer when the compo- 
nent design is first started is the determination of the 
arc-over and flashover distances. Due to the nonlinear 
relation between arc-over gap and voltage it is obvious 
that all factors must be used as functions of the volt- 
age. These factors have been converted to numbers 
greater than 1 since they are more widely recognized 
as such. Appropriate factors applied to the “actual 
voltage” will result in the “working voltage.” Using 
this working voltage (Vw) as the ordinate of the 
curves of Fig. 5 one can determine the working air-gap, 
or the actual distance to be used in the component de- 
sign. Depending on conditions the flashover distance 
will be 1% to 3 times the working air-gap distance. 
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FIG. 9—Altitude factor vs altitude. 


The factors of altitude and temperature and the 
safety factor which includes all miscellaneous effects 
are here collected in the form of an expression defin- 
ing the working voltage. 


Vw = Va- ATS 
where 
Vw = Working voltage 
Va = Actual maximum voltage 
A = Altitude factor (See Fig. 9) 
T = Temperature factor 
S = Safety factor 


The working air gap is selected from Fig. 5 using Vw. 
A typical example follows: 


Va = 8000 volts maximum 
A = 1.3 for 10,000 ft altitude maximum 
T = 1.25 for 100 C operation maximum 
S = 1.35 for (a) Favorable environment 
(b) Good control of electrode con- 
tours 
(c) No appreciable field distortion 
from adjoining elements. 
Vw = Va- ATS 


Vw = 8000 x 1.3 x 1.25 x 1.35 
Vw = 17,500 volts 


Considering %4 4-in. diam spherical-tipped electrodes 
and the value Vw = 17,500 volts, the working air-gap 
is read as 0.890 in. from Fig. 5. 000 
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Steering Servo Uses 


Magnetic Amplifiers 


Actuator motor is governed by magnetically amplified voltage 


unbalance between sending (steering wheel) potentiometer 


and rudder-position potentiometer in a fail-safe system. 


j. L. Behr 


Servo Control Group 
Bocue Evectric MANUFACTURING Co. 


MOST MODERN SHIPS have the rudder 
positioned by a powerful hydraulic 
ram which exerts forces of thousands 
of foot-pounds, and which is con- 
trolled by a smaller rudder control 
valve. The movement of the ram and 
rudder is fed back mechanically to a 
small sleeve which is part of a rudder 
control pilot valve, thus effecting a 
closed-loop position system. This me- 
chanical - hydraulic arrangement _ is 
known as a “differential” system. 

In designing a servo type of remote 
control (from the pilot wheel) for the 
rudder control valve, one of the most 
important characteristics of such a 
system is that it positions the rudder 
with no overshoot. To achieve a “dead 
beat” characteristic and provide high 
static accuracy, a system must be well 
damped. Damping has been provided 
in the Bogue steering servo by two 
means: internal actuator motor damp- 
ing and artificial system damping by 
means of rate feedback. 

As shown in the block diagram, Fig. 
1, the servomechanism system to sup- 
ply the ship’s hydraulic steering mech- 
anism with the proper helm angle 
consists of three main sections: Helm 
angle transmitter on the bridge, steer- 
ing amplifier and steering actuator 
connected to the steering engine. 

Fig. 2 shows the principal elec- 
trical components and their mechan- 
ical accessories. Helm angle _trans- 
mitter consists of a geared poten- 
tiometer whose voltage setting is 
matched in a Wheatstone bridge cir- 
cuit against that of an actuator po- 
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tentiometer which feeds back a rud- 
der-position signal. The difference 
between the voltages is amplified and 
modified by means of a magnetic 
servo amplifier to provide a direc- 
tional signal to an actuator motor 
which positions the rudder control 
valve through gearing. The actuator 
shaft is connected to the actuator 
potentiometer through a gear reduc- 
tion so that 18 turns of the output 
shaft causes 280 deg of rotation of 
the potentiometer, corresponding to 
70 deg of rudder movement. 

A constant d-c voltage is supplied 
the outside terminals of the poten- 
tiometers through equalizing resistors. 

To provide manual control of the 
rudder valve in the event of power 
failure or when the power switch is 
turned off, a solenoid-operated clutch 
is provided in the actuator gear train 
to disengage the motor. By connect- 
ing the solenoid to the d-c source for 
the potentiometers, when this circuit 
is energized, the solenoid will engage 
the clutch. Turning off the power 
line switch on the steering amplifier 
will automatically disengage the 
clutch. The same condition prevails if 
open or short circuits should occur 
in the control cable between trans- 
mitter and steering amplifier. 

The steering and actuator poten- 
tiometers and their series resistors 
are connected as arms of a Wheat- 
stone bridge. If both arms of the 
potentiometers are in corresponding 
angular positions, no potential will 
exist between the two brushes. If they 
are not, any error signal is amplified 
in the magnetic amplifier which sup- 
plies the actuator motor with power 
to move the output shaft in a direc- 


tion to null the potentiometers. The 
motor then stops, and the rudder 
valve has been positioned to corre- 
spond to the angle demanded by the 
helmsman. 

The steering amplifier. Fig. 3, is 
of the magnetic self-saturating type. 
It consists of two stages—a signal 
preamp stage and a power stage. The 
signal preamp stage amplifies the 
voltage unbalance between the trans- 
mitter and actuator potentiometers 
and controls the power stage feeding 
the actuator motor. 

tach stage of the magnetic am- 
plifier is capable of amplifying a d-c 
unbalance signal of either polarity as 
called for by the potentiometers. For 
this reason a push-pull arrangement is 
provided, consisting of two single- 
phase-bridge, full-wave _ self-saturat- 
ing magnetic amplifiers. One section 
of each stage functions for a given 
polarity of signal, while the other 
section is cut off. 

The actuator motor is a 60-watt 
d-c series type with two series field 
windings connected to the amplifier 
so that only one field is operated at 
a time. The armature is always con- 
nected in series and makes common 
connection to the negative terminals 
of the push-pull power amplifier 
through a counter-emf network re- 
sistor. Field terminals are separately 
connected to the two positive outputs 
of the power amplifier causing the 
motor to run in a direction dependent 
upon which field is energized. Shunt- 
ing each field winding is a circuit, the 
function of which is to absorb the 
stored energy in the motor field after 
each repeating output pulse of the 
power amplifier. Thus the effect of 
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FIG. 1 (Left)—Block diagram of magnetic amplifier steering servo. FIG. 
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FIG. 3—Circuit diagram of magnetic amplifier for steering servo. Current entering lower numbered control 
coil end will increase magnetic amplifier output current into field 2. 


field inductance on the amplifier is 
reduced. This is important to avoid 
interference with the performance of 
the power amplifier and to retain 
rapid control of the motor. 

A d-c series motor was chosen be- 
cause of its inherent characteristic of 
high torque at stall and low speeds 
but with the ability to slew or run 
free at a relatively high rate. In this 
Way static accuracy has _ been 
achieved. Another feature of the se- 
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ries motor which makes it suitable for 
this system is that it exhibits high 
internal damping characteristics at 
stall and low speeds, and low damp- 
ing at higher speeds. 

To place the magnetic amplifier on 
the linear part of its characteristics 
curve and to obtain positive signal- 
current control, a d-c bias winding is 
used as one of its three control wind- 
ings. Besides the signal and bias wind- 
ings a third control winding is used 


in the servomechanism feedback loop 
to introduce certain desired transient 
currents for preventing hunting and 
overshooting. The sense of the feed- 
back winding is such as to cause con- 
trol opposite to that of the signal 
winding. 

The input to the system is 60-cycle 
single phase. A transformer provides 
two separate windings for each half 
of the push-pull power stage and two 

(Continued on page 284) 
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High Voltage From Selenium Rectifiers 


New cells find application in field 
where metallic rectifiers once 
were considered unsatisfactory 


I. R. Smith, Manager, 

Rectifier and Brake Section, 
Motor and Control Division, 
Westinghouse Electric Corporation 


THE USE OF METALLIC RECTIFIERS for 
producing appreciable power at high 
voltage has been made practical by 
the development of the 33-volt se- 
lenium cell. Units are in use as power 
supplies for heavy-dust precipitators 
in the voltage range from 35 to 75 kv, 
direct current, and with power capac- 
ities from 6 to 15 kw, direct current. 
Several selenium rectifiers, rated at 5 
kw at 70 kv, are in service for mist 
precipitation. One such unit is pic- 
tured in Fig. 1. 

Although a few attempts had been 
made to employ copper-oxide recti- 
fiers for precipitator and x-ray appli- 
cations, they were largely supplanted 
by lower cost, less bulky electronic 
tubes and rotating rectifiers. How- 
ever, the investigations carried on 
with earlier metallic rectifiers pro- 
vided much information for the work 
on selenium. Experience with copper- 
oxide rectifiers made it clear that a 
successful high-voltage unit should be 
oil-immersed instead of air-cooled. An 
open-type air-cooled unit collects so 
much dirt that it presents a trouble- 
some maintenance problem. Simply 
enclosing the cells is no solution be- 
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cause the insulation clearance re- 
quired make size excessive. Also, air- 
cooled units are subject to corona 
troubles when operating much above 
30 kv to ground. This necessitates 
special measures such as elevated 
grounds, which increase the cost still] 
further. 

Oil immersion solves the dirt-col- 
lection problem, reduces insulation 
clearances and suppresses the corona. 
But there are disadvantages to be 
noted as well. These are: consider- 
able weight, necessity for cooling the 
oil, and installation restrictions that 
may apply if the unit is mounted in- 
doors. 

As a further benefit, the selenium 
rectifier can be operated satisfactorily 
at temperature rises 2% times higher 
than that allowable for the copper- 
oxide rectifier. Specifically, a tempera- 
ture rise of 25 to 30 C can be allowed 
for selenium without sacrifice of long 
life, whereas the limit for copper 
oxide is 10 to 12 deg.As a consequence, 
container size, weight of oil and vol- 
ume are much reduced. 

By using the new 33-volt selenium 
elements the number of cells is cut 
to nearly one-half that required with 
the 18-volt elements previously avail- 
able. Also, the open-type construc- 
tion of the selenium-rectifier stack, 
with practically the entire cell surface 
exposed, is ideally suited for oil cool- 
ing. 

With any rectifier, the first problem 


is how to get rid of the losses gen- 
erated in the rectifier cells. These 
must be transmitted to the oil and 
thence to the case or to some other 
heat exchanger. Since for obvious rea- 
sons self-cooling is preferable to 
forced cooling, the high-voltage rec- 
tifiers Westinghouse has built so far 
are self-cooled. 

Outwardly, a high-voltage rectifier 
resembles an oil-filled transformer. In 
fact, the tank design closely follows 
well established transformer practice, 
except that the oil temperature is 
much lower. Generally the limit of 
rating for plain tanks is about 2 kw. 
Beyond that, to keep size and weight 
and oil volume within bounds, radiat- 
ing surface is augmented with radia- 
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Fig. 2—Curves show marked differ- 
ences between the conversion ratio or 
efficiency of a selenium rectifier and 
that of a rotating converter. This dif- 
ference is greatest in the area of oper- 
ation near full load. 
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Fig. 1—Oil-immersed selenium rectifier unit delivers 5 kw at 70 kv. External radiator sections are for cooling the oil. 
Fig. 3 (right)—View into the tank of a high-voltage selenium rectifier shows two banks of selenium cells. Settling 
of dust among the hundreds of plates in each stack would be a maintenance problem if it were not for the oil bath. 


tors, such as employed with trans- 
formers. 

Although voltages are high—from 
30 to 100 kv rms or 140 peak—insula- 
tion presents no serious problem. 
Transformer designers have success- 
fully coped with voltages higher than 
these for years. 

As compared to the synchronous 
commutator or rotary spark-gap type 
of rectifier, the selenium power pack 
has a great advantage in operating 
efficiency or conversion ratio, i.e., 
the ratio of d-c volt-ampere ouput to 


a-c watt input. This is shown in Fig. 
2. The maintenance advantages of the 
selenium rectifier over tube and ma- 
chine rectifiers are obvious. Also, the 
selenium rectifier is free of radio 
interference, which is a difficulty with 
the rotating rectifier. 

A further advantage is that the 
selenium-rectifier power pack can be 
operated at a higher average voltage 
than can the rotating machine. The 
spark-gap voltage wave contains high- 
frequency voltage surges. If the mag- 
nitude of such peaks must be limited 


to a given maximum, the average 
output voltage of the machine rec- 
tifier should be maintained at a value 
lower than that for the selenium rec- 
tifier, which has a smooth output 
wave. 

In great contrast to the noise gen- 
erated by rotary machines, the se- 
lenium rectifier is silent. The rec- 
tifier power pack, being like a 
transformer, is easily weatherproofed. 
It can be mounted indoors, outdoors, 
on the roof or on the ground. 9 0 © 


Camera Records Position-Time Relation 


MIRROR ROTATING at a speed of 50,- 
000 rpm wipes an image onto film at a 
sweep rate of 5.466 mm per microsec, 
in this new research camera developed 
by Beckman & Whitley, Inc., San 
Carlos, Calif. This model is designed 
for the study of such self-luminous 
transient events as explosions, flash 
tube and spark-discharge phenomena. 

Configuration of the camera can be 
seen in Fig. 1. The event to be studied 
is oriented before the vertical slit at 
the upper left and the photographic 
record is obtained on a 4 x 5 in. film. 
The rotating mirror is located inside 
the upper right section of the housing 
below the knob which secures a 
vacuum-tight, round access panel to 
the mirror compartment. 

Schematic arrangement of the 
camera components is shown in Fig. 2. 
The image of the test object is pro- 
jected through the slit by an external 
condenser lens not part of the camera. 
The internal lens forms an inverted 
non-magnified image of the slit in the 
film plane after reflection from the 
mirror surface. Mirror rotation sweeps 
the image across the film surface at a 
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Fig. 1—The operator is manipulating the film holder of the new streak-type 
high-speed camera. The event to be photographed is positioned in front of 


the slit at the left of the instrument. 
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Fig. 2—This schematic view of the 
high-speed camera shows the relation- 
ship of the major components. Note 
the pip-generating commutator on top 
of the mirror. 


selected sweep rate in the direction 
indicated. Any sweep rate between 
0.327 and 5.466 mm per microsec can 
be chosen. The sequence of events at 
the test object that takes place in the 
vertical area imaged in the slit is 
separated in time as it is spread across 
the film. 

The slit plate is formed from a piece 
of flat glass having an opaque coating 
one one side through which the slit 
line has been ruled. The slit plate can 
be moved sideways on precise guides 
for taking conventional photogr: iphs. 
Width of the slit is 0.010 in. 

The shutter is a high-speed guillo- 
tine type designed to prevent multiple 
exposure when phenomena of long 
duration are being observed. Operable 
by external electrical impulse, the 
shutter can also be used to actuate re- 


lated equipment. Exposure time is 
1/200 sec. 


——_— 


Sweep direction - mirror rotating 
—_————> 
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Slit images-mirror stationary il 





-Time resolved streak imoge- 
mirror rotating 
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Fig. 3—This is a typical recording of the new high-speed camera. 
At the extreme left is a slit image photographed for determining the 
position of the test object—in this case a gas filled glow-discharge tube. 
The second slit also was made with the mirror stationary. This image 
constitutes the time base from which measurements are made to the 
streak image at the extreme right. This image is made with the 
mirror spinning and a synchronized high-voltage pulse applied to the 
tube. Glow in the tube began near its center and spread toward both 
ends—reaching the top shortly before it reached the bottom. The 
mirror was rotating at 50,000 rpm, so it can be determined that the 
entire tube was glowing at the end of 2.7 microseconds. 





The mirror is made of stainless steel 
and has a working surface optically flat 
to one circular fringe. It is rotatable 
at continuously adjustable speecs 
ranging from 3000 to 50,000 rpm. The 
reflecting surface is 3%4 x 4 in. Tem- 
perature-monitoring thermocouples are 
mounted on the outer races of upper 
and lower mirror bearings. 

Both the film and the ground-plastic 
focusing screen are supported in a 
curve conforming to a radius of 20.550 
in. from the center of the rotating 
mirror face. Controls and_ interlocks 
are provided to guard against pro- 
cedural errors and to protect the 
equipment and the operators. 

Normal photographs of the test 
object can be taken so the image of 
the slit is superimposed as a reference 
to show the section of the object that 
will be photographed during the test. 
Due to the high operating speed, the 


mirror is rotated in a vacuum chamber 
which includes the camera housing. 
A mechanical vacuum pump pulls the 
vacuum, and a releasing valve allows 
adjustments to be made without need 
for moving vacuum seals. 

Included in the lower cabinet are 
the electromechanical mirror drive and 
electrical component panel, a return 
air filter and lubricating-oil supplies 
for the camera drive. Focusing is ac- 
complished on the ground plastic sur- 
face using a six-times magnifier. 

Synchronizing the exposure with 
actuation of the test object is accom- 
plished through the pip-generating 
commutator seen on top of the mirror 
in Fig. 2. Each turn of the mirror pro- 
duces a 15-volt pulse that is used to 
trigger and synchronize the test ob- 


ject so that the image will appear on 
the film. gag 


Thermostat Control Protects Rectifier 


‘THE ALARM and shut-off actions of 
precision Thermoswitch units, ther- 
mostatic controls manufactured by 
Fenwal Inc. of Ashland, Mass., allow 
selenium-rectifier power units to oper- 
ate at maximum efficiency without 
danger of overheating. The W. Green 
Electric Company has built tempera- 
‘ture control into these power units so 
that they can operate safely at maxi- 
mum output under any conditions of 
load or ambient temperature. The 
rectifiers convert commercial a-c cur- 
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rent to low-voltage, high-amperage 
d-c current, furnish power for numer- 
ous industries, including the electro- 
plating, chemical, electrical manufac- 
turing and transportation industries. 

Excessive heat is a hazard in these 
units because it can damage or de- 
stroy the selenium layer on the rec- 
tifier plates that comprise the stack. 
In some types of rectifiers the sele- 
nium layer is protected by a current- 
limiting system which shuts down the 
rectifier when the current exceeds a 


certain fixed value. Other rectifier 
units incorporate a device that cuts 
the power off if the air supply fails. 
But neither of these methods is a 
really efficient solution to the problem. 
The stack temperature, which is the 
controlling factor in the life of the 
selenium plates, actually results from 
a combination of elements, such as 
current load, ambient temperature, 
length of operation, and ventilation 
efficiency. Therefore the key to ob- 
taining maximum rectifier efficiency 
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while protecting the plates is a device 
that can quickly sense and respond to 
the temperature of the stack. 

In the fan-cooled Green rectifiers, 
peak-load_ efficiency is maintained 
with safety by the action of a set of 
Thermoswitch units mounted around 
the rectifier stack. The Thermoswitch 
was selected because its combination 
of high sensitivity (+-0.1 F) and sealed 
contacts. 

One pair of the thermostatic units 
is installed directly under the stack 
in line with the warm air blown from 
the plates by the fan, as shown in 
the diagram. The two thermostats are 
the actuating elements of two sepa- 
rate protective systems. The A ther- 
mostat is a normally open unit which 
actuates the alarm or monitor system 
if the stack temperature exceeds ap- 
proximately 163 F. The alarm consists 
of a warning buzzer, a red light, and 
the shorting-out of the green “safe- 
operation” light. 

If the required operating adjust- 
ments are not made and the stack 
temperature rises to 167 F, the nor- 
mally closed contacts of the “B” ther- 
mostat open and operate the auto- 
matic power control system. This sys- 
tem cuts off the power to the rectifier. 

The fact that the Thermoswitch 
units can be adjusted to operate a 
few degrees apart with high preci- 
sion simplified the method for obtain- 
ing the small but highly desirable time 
lag between the operation of alarm 
and shut-off systems. The forewarn- 


Sensitive Tube 


New tube developed for television 
service has high stability 


and sensitivity 


CONVENTIONAL VACUUM TUBE volt- 
meters rarely use the full sensitivity 
possible from the tubes because of 
unbalance, instability and lack of 
linearity inherent when operating the 
tubes at the high plate currents neces- 
sary for high sensitivity. While pri- 
marily intended as vertical output 
tubes in television receivers, the 
Hytron type 12A4 tube is well suited 
to vacuum tube voltmeter service be- 
cause of its high perveance and uni- 
formly small grid currents. It is a 
medium-mu type with a 9-pin minia- 
ture construction. 

Elementary bridge circuit for vac- 
uum tube voltmeters consists of four 
resistances arranged in series-parallel 
as shown in Fig. 1. In order to ob- 
tain high sensitivity in a bridge cir- 
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ing provided by the alarm system en- 
ables the attendant to make the neces- 
sary adjustments before the power 
cuts off. 

On the Green rectifiers one or 
more additional Thermoswitches, des- 
ignated C on the drawing, are in- 
stalled on the upper side of the rec- 
tifier stack in line with the fan 
downdraft. These are normally closed 





Buzzer 








f 
3 
Lae 


Alarm 
Circuit 


AC (H5y AC) 


units which, along with the B thermo- 
stats, control the power circuit. The 
contacts, are adjusted to open at about 
130 F but remain closed while the 
fan is running. If the fan fails, or the 
air supply is blocked, the stack heats 
rapidly and the hot convection cur- 
rents rising from the plates actuate 
the thermostat to immediately cut off 


the power. oo 


for V-T Voltmeters 


cuit that uses vacuum tubes for two 
of the arms, the tubes should have 
very low d-c resistance (low tube- 
drop at operating point) and, in ad- 
dition, dissipation ratings sufficiently 
high to allow for operation with low- 
resistance plate loads. ° 

Sensitivities 15 to 20 times that 
of conventional tubes and circuits can 
be achieved with two Hytron Type 
12A4 tubes and the arrangement 
shown in Fig. 2. The low-value cath- 
ode resistors allow each tube to 
pass approximately 5 ma, a relatively 
high value for bridge tubes in a vac- 
uum tube voltmeter. The grid cur- 
rent that usually attends such opera- 
tion of a vacuum tube is balanced out 
in the center-tapped divider network. 
High plate current operation of the 
Hytron 12A4 makes possible a sen- 
sitivity of 0.5 volt full scale on a 0-1 


*See “Vacuum Tube Voltmeters in Engineering 
Design,”” by Edmund Osterland, Etecrrica, Manvu- 
FACTURING, October 1952, page 133. 





Fig. 1—Elementary bridge circuit of 
a vacuum tube voltage-meter comprises 
four resistances arranged 
parallel. 


in series- 


ma meter, with stability comparable 
to that of less sensitive tubes. 
Resistance between grid and the 
common cathode return is kept equal 
by using an ordinary ganged switch 
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with two wafers: one used for the 
cathode return and the other for the 
high grid input. The divider chain 
is arranged to give the desired ranges, 





ventional tubes and circuits. 


Fig. 2—Basic d-c bridge circuit for a vaccum tube voltage-meter using 
Hytron 12A4 tubes gives sensitivity from 15 to 20 times that with con- 


and at the same time keep the com- 
mon cathodes return midway in re- 
sistance between the two grids. This 
can be accomplished for any divider 





| 1:1 Transformer 





network by using two resistances that 
add up to the value of each original 
divider resistance. The resistor near- 
est the high grid should have a 
value half that of the total remaining 
in the divider below the tap tied to 
the high grid. 

These tubes operate quite satisfac- 
torily with a heater supply of 5.5 
volts. Such reduced heater voltage 
extends the life considerably and in- 
creases the general stability of the 
circuit. 

Only the d-c bridge portion of the 
circuit is shown since this is the basic 
foundation of most vacuum tube volt- 
meters. Peak-to-peak or rms _ reading 
diodes for a-c scales and an additional 
divider for ohmmeter scales can be 
easily added to the basic circuit. 

A constant input resistance of 10 
megohms can be maintained through 
all ranges and the source resistance of 
the voltage makes practically no dif- 
ference in the reading obtained. No 
difficulty is experienced for the use 
of the power supply above ground; 


ordinary power transformers have 
sufficient insulation resistance for this 
purpose. OOC 


Good Practice in Power Application 


APPLICATION OF ELECTRIC POWER and 
control on the new line of Cincinnati 
automatic milling machines reflects 
current trends. Rear view shows 
5-hp, 1800-rpm spindle drive mo- 
tor mounted under headstock and 
V-belted to hydraulically actuated 


clutch. Table is traversed through a 





screw and nut, powered by a sepa- 
rate 2-hp motor mounted on hinged 
rails in the bed. Sixteen table feeds 
are obtained with change § gears. 
Limit switch stops motor when access 
cover to gears is opened. Spindle 
speed change station is also equipped 
with a safety contact button. Se- 
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quence of automatic functions is ob- 
tained by cycle selector of multi- 
ple-cam type actuating hydraulic 
clutches. 

Electrical control equipment _ is 
housed in cabinet with gasket sealed 
door with mechanical handle _inter- 
lock on disconnect switch (upper 
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Improved New | 


VARGLAS SILICONE\ 
Tubing and Sleeving 


NOW ver Silicone has been made. more flexible. 
, S ° : 


harp turns and 90° bends cause no cracking or 
peeling — no loss of dielectric strength. 
As pioneers in the manufacture of silicone sleeving and 
tubing, we know this is the greatest improvement made 
during the past ten years. Unexcelled where high tempera- 
tures must be withstood for several hours — not just for 15 
minutes. You need not sacrifice abrasion resistance and 
toughness to get flexibility. The new Varglas Silicone sleev- 
ing and tubing will pass cold bend tests at 35° to 40° 
LOWER teniperature than formerly. 





The only Class H insulation 
with all these features: 


Efficient from 500° F. to — 85° F. 
Moisture and Fungus Resistant 












Flame Resistant — Self extinguishing 

Abrasion Resistant 

Dielectrically Strong with average readings up to 7,000 
volts. 

Available in 10 colors — at no extra cost. 


of Varglas Silicone products as 
well as samples of our complete line of tubing 
and sleeving are available in a convenient sample 


‘CORPORATION 


Makets of folder. Just drop usa line telling us your problem 
‘i : and its peculiarities. 
Electrical Insulating 





_ Tubing and Sleeving 


VARFLEX Sates Go. Tue. 


309 N. Jay St., Rome, N. Y. 
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right in photo). To left is size 1 or 0 
starter for feed and hydraulic motor, 
with size 1 reversing starter for spin- 
dle motor below it. Next to 115-volt 
control circuit transformer at bottom 
is size 1 or 0 starter for coolant pump. 


Alkaline Radio 
Dry Battery 


New battery doubles life in 
25 per cent less space 


A NEw 67'2-volt alkaline “B” portable 
radio battery is the result of three 
years work by engineers of the Tube 
Dept., RCA Victor Div., Radio Cor- 
poration of America, Camden, N. J., to 
reduce the size and increase the per- 
formance of personal type portable 
radios. It is the first radio dry battery 
to use the alkaline-cell principle which 
was formerly applicable only to non- 
portable wet-type batteries. 

The alkaline principle makes pos- 
sible more efficient use of active ma- 
terials so that cells and batteries can 
be smaller and yet provide service lives 
comparable to conventional units, The 
“Crown”-type cell resembles two shal- 
low soda bottle caps placed near to- 
gether. It is 0.9 in. in diameter and 
0.23 in. high. 

Sandwiched between the two caps, 
within a protective plastic ring, are the 
positive electrode can, the positive 
and negative electrodes and the elec- 
trolyte pad. One cap serves as the 
positive terminal; the other, the nega- 
tive. 

To take full advantage of the longer 
playing life, conventional 1% volt “4” 
batteries have been redesigned to 
make possible balanced-life operation. 
The new model is twice the length of 
the “sealed-in-steel” model VSO36, but 
has a life capacity nearly four times 


greater. Two of these new “A” 
batteries (VS236) will balance the 
life of the alakaline “B” battery 
(VS216). 


Space is left on panel for mounting 
another size 1 reversing starter for 
duplex spindle machines. 

Operator control is by a push but- 
ton panel on the front with indicator 
light to indicate effectiveness of hy- 


draulic oil filter, start and stop but- 
tons, and selector switches for coolant 
pump and direction of spindle rota- 
tion. Wiring system follows accepted 
practice. Oag 
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This exploded view shows the cell construction of the first portable 
dry radio battery to make use of the alkaline-cell principle. 





Newly improved RCA Victor per- 
sonal portable r radios using the new 
“A” and “B” batteries will play up to 
ten times longer without battery 
change. 

The physical shape of the “Crown’”- 
type cell makes for simplicity and com- 
pactness in constructing the multiple- 
cell stacks around which batteries are 


Universal Testing Machine 


Machine features electric 
weighing, and electronic 
controlled motor loading 
Wirth AN electric weighing system and 
an electronically-controlled —motor- 
driven loading mechanism, this recent- 
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ly developed testing machine embodies 





many characteristics of the ideal ma- 
chine. Called the Model FGT Baldwin- 
Emery SR-4 testing machine, it is built 
by Baldwin-Lima-Hamilton Corp., 
Philadelphia 42, Pa. 

Testing machine loads are measured 
by means of two SR-4 universal load 
cells of 30,000 Ib capacity each, at the 


built. The stacks are held in place in 
a paper tube. The metal outside shell 
is crimped over a hard fiber insulator 
which, in turn, puts pressure on the 
cell stacks. A small jumper strip makes 
the connection between the stacks. No 
solder connections are necessary be- 
tween cells or stacks, since pressure 
maintains all necessary connections. 


base of the two vertical tie rods, and 
resistance wire strain gage instrumen- 
tation of the totalizing circuit type that 
provides instantaneous response. The 
indicator has a 24-in. diameter dial 
with 1000 graduations in 66 in. It has 
load ranges from 0-50,000 to 0-2,000 
lb. Lower ranges are available by fit- 
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AIRCRAFT DESIGN ENGINEERS can allow for continuously chang- 
ing power and performance requirements through the complete 
interchangeability (on the same mounting base) of this new line of 
Guardian Aircraft Relays. Units range from single pole, single 
throw (time delay available) to four pole, double throw contact 


. combinations, with ratings from 10 amperes to 50 amperes at 28 v., 


D. C. All sealed in accordance with MIL-R-6106. Weights: from 
7.5 ounces to 20.8 ounces. 

Imagine the flexibility made possible at the design stage by stand- 
ard spacing of mounting bracket holes which permits complete inter. 
changeability of these new Guardian Aircraft Relays. This is the way 
to meet new control specifications with no changes in frame drawings, 
Dimensions vary only between back plates and terminals on face 
plates. 


The interchangeable feature of these Guardian Aircraft Relays is an 
important contribution to adaptability of equipment design, so 
essential in these days of constantly changing control characteristics. 
For replacing relays after assemblies get under way, or for aircraft 
maintenance and modernization, these interchangeable Guardian 
Aircraft Relays are a practical ‘‘must’’! Write for Bulletin 1 A R. 
NOTE THE PRECISE ALIGNMENT OF MOUNTING HOLES! 






10Amp 10Amp 10 Amp | 


1627-F WwW. WALNUT STREET 


A COMPLETE LINE OF RELAYS SERVING AMERICAN ENDUSTRY 








10Amp 10 Amp 50 Amp 





Series 
AN-3312 RELAY 
Interchangeable 

10 Amp 3 P.D.T. 





MS-25024-1 RELAY 
Interchangeable 
10 Amp 4 P.D.T. 





10 Amp 10 Amp 
3 P.D.T. 2 P.D.T. 


Specify from Guardian's complete range for every advantage of quick interchange! 


GUARDIAN WWELECTRIC 


CHICAGO 12, ILLINOIS 
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This universal testing machine has an electric weighing system based on Baldwin SR-4 


resistance wire strain gages and load cells at the base of the two vertical tie rods. 


ting a detachable SR-4 universal load 
cell on the crosshead and connecting 
it into the load indicating dial. 

The load system utilizes a single 
enclosed reversing screw rotated by a 
2-hp motor under thyratron tube con- 
trol over a speed range of 360 to 1. 
The maximum stroke is 8 in. The cross- 
head is adjusted by means of the main 
motor drive. 

Associated stress-strain recording 
equipment can take signals both from 
load cells and from an SR-4 exten- 
someter. For normal rates of record- 


Electronic 
Pulse 
Generator 


High voltage, high current 
generator gives 

nearly square-topped 
waveform pulses 


DEVELOPED by the Electronic Instru- 
mentation Laboratory of the Nation- 
al Bureau of Standards to supply the 
heavy pulses required in an NBS 
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ing, an SR-4 converter is interposed so 
that a standard Baldwin Microformer 
can be used, An X-Y Recording Po- 
tentiometer can also be used. For high 
straining rates or for alternating load, 
oscillographs or persistent screen os- 
cilloscopes can be used. Signals are 


fed through Ellis pre-amplifiers. 

The machine has a weighing and 
measuring tolerance of 0.2 per cent of 
reading. The indicator has high speed 
response to dynamic as well as static 
loads. The machine is designed for 
structural stiffness and lateral rigidity. 





Loading speeds are under precise step- 
less control and normally range from 
0.025 to 9.0 in. per minute. 

The automatic load control main- 
tains either (1) constant load, (2) 
constant strain, (3) constant rate of 
loading or (4) constant strain rate. 
This enables determination of creep, 
rupture and relaxation properties of 
materials. The machine is also adapt- 
able to stress analysis of parts and 
components of structures on which 
SR-4 strain gages or brittle coating 
techniques are used. ooo 


Fig. 1—The pulse gen- 
erator, left foreground, 
is used to supply cur- 
rent pulses to an ex- 


twin-diode 


vacuum tube, rear cen- 


perimental 


ter. Pulses of nearly 
square waveform are 
provided at voltages up 
to 1200 volts and cur- 
rents up to several am- 
peres. By means of a 
selector switch, lower 
left, the pulse frequency 
can be set from 10 to 60 


cycles per second. 
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In any installation that requires both 
sensitivity and lasting dependability . . . from 
traffic control systems to long range naviga- 
tion equipment . . . ADLAKE Mercury Relays 
will give superior service! 


= =4 
i 
=| 
is INS 
are Adlake Mercury Relays 
particularly fitted to function? 


Here are just a few of ADLAKE’S many applications: 


Radio transmission Incubators 
Standard telephone circuits Production time controls 
Precision control instruments Animated displays 
| X-ray control Duplicator controls 
Air-conditioning and Communication equipment 
refrigeration controls Remote controls 
Voltage regulators Alarms 


The same engineering skill. ..the same 
high quality control standards . . . that have 
insured dependability in these installations are 
available for your relay problems. If you don’t 
find the relay you need in the ADLAKE catalog, 
it will be custom-built for you. Write for full 
information today—The Adams & Westlake 
Company, 1168 N. Michigan. Elkhart, Indiana. 
In Canada write: Powerlite Devices, Limited, 
of Toronto. 


EVERY ADLAKE RELAY GIVES YOU THESE PLUS FEATURES: 


HERMETICALLY SEALED—dust, dirt, moisture, oxidation and 
temperature changes can’t interfere with operation. 


SILENT AND CHATTERLESS e REQUIRES NO MAINTENANCE. 


ABSOLUTELY SAFE e MERCURY-TO-MERCURY CONTACT— 
prevents burning, pitting and sticking. 


—And every ADLAKE is tested—and guaranteed— 
to meet specifications! 
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Manufacturers of ADLAKE Hermetically Sealed Mercury Relays 
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DESIGN TRENDS 





study of vacuum-tube cathode emis- 
sion, this electronic pulse generator 
may find other uses where nearly 
square-topped pulses are required at 
up to 1200 volts and several amperes. 
Novelty of the design lies in the means 
by which the exciting pulse is sup- 
plied to the grid of the switch tube. 
Pulse frequency is variable in steps 
of 10 between 10 and 60 pulses per 
second. Pulse duration is 1 per cent 
of the period at each frequency and 
ranges from 165 microsec at 60 cycles 
to 1000 microsec at 10 cycles. 
Output of the generator is taken be- 
tween ground and the cathode of a 
high-power 304TH triode switch tube. 


The plate voltage of this tube is sup- 
plied from an adjustable external 
source of up to 2000 volts. When the 
switch tube is receiving no pulse exci- 
tation, its grid is biased to cutoff, and 
its cathode is at ground potential. 
When a pulse drives the grid positive 
with respect to cathode—a potential 
of about 130 volts is used—the output 
voltage rises to a value determined 
by characteristics of the external pow- 
er supply and load. 

The most obvious method of sup- 
plying the exciting pulse to the grid 
might seem to be to couple a pulse- 
forming circuit to it by means of a 
pulse transformer. But the transformer 





wore - 
A. VOL ATASES AVERAGE 
ASTD OTH VIVE 


PULSE GEWERATOR 


Fig. 2—Circuit diagram of the National Bureau of Standards high- 
voltage, high current pulse generator. At each frequency, 10, 20, 30, 40, 
50 and 60 cps, pulse duration is 1 per cent of the period. 





would have to be insulated te with- 
stand the high voltages involved, and 
would offer construction difficulties 
that would make it hard to have good 
response at the low repetition rates. 
For this and other reasons, a circuit 
was adopted in which a keyed radio- 
frequency oscillator and rectifier take 
the place of a pulse transformer. 

Pulses are generated initially by: a 
twin-triode 6SN7 vacuum tube in an 
unbalanced multivibrator circuit. A 
six-position selector switch gives the 
multivibrator repetition rate. Output 
of the multivibrator is amplified by a 
single 6J5 triode and coupled by a 
6V6 cathode follower to the screen- 
grids of a 4.2-me radio-frequency os- 
cillator using two 6L6’s in parallel. 
By this arrangement, the oscillator is 
keyed on for the duration of each 
pulse. 

The oscillator output—a 4.2-me car- 
rier with 100 per cent 10-to-60 cycle 
near-square-wave modulation—is _in- 
ductively coupled to a 6X5 rectifier, 
and the positive-pulse output of the 
rectifier is applied to the grid of the 
304TH output tube. The necessary 
high-voltage insulation between the 
two windings of the oscillator coil 
is readily provided. 

In practice, the amplitude of the 
output pulse decreases slightly in a 
linear manner at a rate of 0.01 per 
cent per microsec of pulse duration. 
This die-away is due ordinarily to the 
decrease in plate supply voltage of the 
switch tube as the storage capacitor 
of the power supply discharges. Over- 
shoot of amplitude at the beginning 
and the end of pulses is negligible, an 
important requirement in the intend- 
ed application. oa0g 


Type 304 Stainless in Hearing-Aid Plugs 


IN THE MANUFACTURE Of hearing aid 
cords with plugs, Televox Manufac- 
turing Co., Philadelphia, had been 
using small needle tubing for prongs. 
At first these prongs were fabricated 
from 18 per cent nickel silver tubing, 
then from 30 per cent cupro-nickel 
tubing, both supplied by Superior 
Tube Co. 

As these high-nickel alloys became 
increasingly scarce, a suitable needle 
tubing was sought made from a more 
readily available material. The prob- 
lem was to select tubing that would 
be: (1) stiff enough to prevent prongs 
from bending during normal usage of 
hearing aid cord, (2) ductile enough 
to permit easy crimping on cord wires 
and forming operations on the prongs, 
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making 


of operations in 
hearing aid cord plugs, left to right; 
stripped wire on end of cord; tubing 
in place and crimped on wire; plastic 
case molded over wire and tubing; 
prongs flattened and formed. 


Sequence 


and (3) resistant to tarnishing. 
From the more than 50 alloys which 
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it draws into fine small tubing, Su- 
perior Tube Co. recommended Type 
304 stainless, half-hard drawn. This 
is a non-nickel type in good supply. It 
was soon found that this tubing per- 
formed as well or better than the al- 
loys previously used and met all re 
quirements of the application. 

In making plugs for hearing aid 
cords, Televox first cuts the tubing to 
length, strips insulation from the pair 
of wires to about 4% in., slides ends of 
tubes over the exposed wires, crimps 
the tubing on the wire and then molds 
a plastic plug around the assembly in 
an injection molding machine. (See 
cut.) The two lengths of tubing pro- 
jecting from the plastic plug are then 
flattened and formed in dies to mate 
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FASTEST THING IN FASTENING S® 

















WELBILT STOVE Cuts Costs 73% 


| 
On One Assembly Operation | 


| Push-On SPEED NUTS 

SPEED Nuts offer your product assemblies | 4 standard “Push-Ons” re- 
outstanding savings like these. Engineers at place 4 Special Nuts and 
Welbilt Stove, in looking for new and greater | pean: aon a ee 
production efficiency, found SPEED Nuts elim- | zip down to locked position 
inated a full assembly step! Also eliminated ...assemble 4 times faster 
were 4 special brass machined parts formerly required to attach than former methods. 

the oven filament to the liner on their new electric ranges! This 





—— 


: e z ; : 
4 adds up to a whopping 73 o Savings in assembly time .. . plus Send for your“SAVINGS STORIES” 
- an even bigger cut in materials and materials handling ...all on booklet of interesting SPEED NUT savings 
: . : ! to industry. Write today: TINNERMAN 
is ONE fastening operation ! PRODUCTS, INC. Dept. 12, Box 6688, 
fi : . . * ° Cleveland 1, Ohio. In Canada: Dominion 
| The Tinnerman representative in your area is ready to lend his Siashemanie Sbd, Maelo teeien mane 
experience to help you find fastening savings in your product Britain: Simmonds Aerocessories, Ltd., 
r assemblies. Call him for full information on our Fastening Treforest, Wales. In France: Aerocessoires 

; s Simmonds, S.A.—7 rue Henri Barbusse, 

Analysis Service! Levallois (Seine). 
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MORE THAN 8000 SHAPES AND SIZES 
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DESIGN TRENDS 
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COVER PICTURE—Self-powered Portable Recorder 


SINCE THE GREATEST expenditure of energy in any 
sound recording device is consumed by the mechan- 
ical transfer of the recording medium, engineers of 
Broadcast Equipment Specialties Corp., Richmond 
Hill 19, L. I., N. Y., concentrated on spring actuated, 
hand-wound motors to divorce the tape-drive of the 
recently developed Travis Tapak from dependence 
on batteries. The only batteries used in this unit are 
three dry cells for the miniature amplifier. 

The spring motor is flyweight governor stabilized 
against flutter, and the main drive is stabilized to 
minimize “wow.” The spring motor can be wound 
during operation and will maintain speed within 99 
per cent. The motor drives a capstan at 78 rpm, which 
in turn drives an idler wheel. 





Carrying handle for this portable magnetic tape recorder 
is shown released to its winding position. Upper righthand 
switch controls functions of record-playback-off, while 
directly under it is the gain control switch. To the left is 
the erase head in its “parking” position where it stays by 
magnetic action. In use it is positioned near the left end 
of the spring-drive control arm in a special bracket. Note 
the strobe card on top of the capstan head, and the rubber 
idler between the capstan and the take-up tape. The rings 
on the take-up reel indicate five-minute increments of time 
and warn of rewinding points. 


The rubber idler wheel drives the tape on the take- 
up reel directly witheut belts or clutches. The take-up 
reel moves away from the idler against spring ten- 
sion as the tape thickness builds up. The capstan has 
a stroboscopic card on its top so its speed can be 
checked. P 

The Tapak records continuously for 15 minutes on 

5-in. reels of red oxide tape 0.0022 in. thick; or for 
19 minutes if 0.0017 in. thick tape is used. The re- 
corder will run from 5 to 6 minutes per winding. Red 
rings are marked on the take-up reel to indicate five- 
minute intervals and remind of need for rewinding. 
Since the recorder is designed for operation with the 
cover closed, using an external stop-start control, a 
window is placed so the marked warning rings are 
visible. A built in light makes operation possible in 
the dark. 
The recorder operates at standard voice speed of 
2 in. per sec. It erases, records, monitors, plays back 
to a headset, incorporates power rewind at 220 ft 
per min and has a built-in editing fixture. On remote 
locations it can turn out finished continuity ready 
for airing. 

The outside case dimensions are 14 x 10 x 5% in. 
and the microphone, headset, spare reel and splicing 
tape fit inside the case. The carrying handle is pivoted 
and when released acts as the spring motor winding 
arm. The unit weighs 17 lb, including the micro- 
phone, headphone and batteries. The two flashlight 
cells last for about 20 hours and the 67%-v “B” battery 
operates between 40 and 80 hours. Weight of the re- 
corder was kept down by using a %-in. dural panel 
for the chassis, aluminum castings, dural hardware 
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and a plywood case. 

Frequency response of the recorder cuts off sharply 
below 100 cps and is attenuated above 3,000 cps to 
emphasize voice frequencies with a minimum of ex- 
traneous noise. The signal to noise ratio is 45 db for 
new tape, and 40 db for tape that has been erased 
on the Tapak. The permanent magnet step-flux erase 
prevents accidental erasure during re-wind. A small 
neon lamp overload indicator also shows condition 
of the batteries. 

This recorder will operate either vertically or hori- 
zontally; on end or upside down. It can also tolerate 
small acceleration loads along any axis. ooo 





with the receptacle into which they 
will be plugged. One end of the cord 
has a plug for the receiver which fits 
in the ear; the other end has a similar 
plug for the instrument itself. 
Obviously, the plug should fit easily 
in the socket yet hold firmly once in- 


tubing. 
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serted. This calls for fairly close toler- 
ances not only in forming the prongs, 
but also in the outer diameter of the 
Commercial 
0.0005 in. on the 0.042 in. OD needle 
tubing are well within the limits re- 
quired for this application. Televox 


Manufacturing Co. has had such good 
results with the “substitute” metal 
that it has decided to continue using 
Type 304 stainless tubing whether or 
not the alloys formerly used become 
more plentiful. ooo 
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BALDWIN HARNESSES LEO 
3200 HORSES WITH 
BURNDY HYLUGS 


AND HYPRESSES A ae ) 
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Baldwin 3200 HP, TWO-UNIT DIESEL ELECTRIC 
ROAD FREIGHT LOCOMOTIVE, one of the products 
of Baldwin-Lima-Hamilton Corp., Philadelphia, Pa. 
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~ Burndy Y48B Hypress with dual indent dies and Burndy Y34B Hypress making connection to power 
od Y48BN pneudraulic pump connecting terminals for switches in close quarters during production of 
se | Baldwin underframe cables. Baldwin locomotive. 

all 
on Burndy HYLUGS and HYPRESSES eliminate soldering, cut production costs . . . 

and give Baldwin locomotives maximum efficiency in electrical connections. 

ri- Road-tested for months — Burndy joints withstand tremendous vibration and power surges. 
te Shop-tested every day—Burndy Hypresses prove simple, easy to operate and maintain. 

Oo 


Investigate Burndy-engineered connectors, tools, and methods for your product, your plant, today! 
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ja @ NORWALK, CONNECT. FACTORIES: New York, California, Toronto TORONTO, CANADA 
23-11 EXPORT: Philips Export Corporation 
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NEW COMPONENTS 
AND MATERIALS 


For further information on any item reviewed 


in this section, circle item number on postcard in 


Reader Inquiry Facility, or write direct to the 


manufacturer giving ELECTRICAL MANUFACTURING 


as the source for your inquiry 





MINIATURE PACKAGED PERMANENT-MAGNET DRIVES 


SERIES OF ALNICO 5 permanent-mag- 
net motors for d-c service is now avail- 
able in various types and in packaged 
combinations with various compo- 
nents. Motors are designed for use in 
servo systems, electronic equipment, 


actuators, switching devices, blowers. 

Illustrated in the photograph are 
various modifications of the (1) basic 
motor: the round piloted form with 
pinion output shaft; (2) the same 
motor with square flange mounting; 





and (3) a round motor with double- 
end shafts. The components fit into 
the 1%-in. diam housing for the 
motor. Length of the housing depends 
on added length of the component. 
Available is a gear unit (4) that can 
be provided with a ratio of approxi- 
mately 76000:1. Item (5) is a pack- 
aged motor and gear unit. Also avail- 
able are: a combined motor, gear unit, 
and a magnetic brake (7); a combined 
motor and governor (9) used for con- 
stant-speed operation; and a motor 
housed with a governor-type switch. 
Standard basic motor is 154 in. long, 
weighs less than 3% oz, and is capable 
of a power output up to approxi- 
mately 15 watts at 27% volts de. 
Motors can also be obtained for: 
outputs up to 25 watts, various speed 
ranges, supply voltages, and other 
special requirements. Pacific Instru- 
ments & Controls Co., 2315 West- 
wood Blvd., Los Angeles 64, Calif. 


Circle No. 1, Reader Inquiry Facility, ps 227 


TRANSPARENT INSULATING TAPE HAS MYLAR FILM BACKING 


NEW TRANSPARENT electrical tape 
only 3 mils thick combines high tear 
strength with high dielectric and ex- 
cellent non-corrosive properties. De- 
signated Scotch electrical tape No. 5, 
it has Mylar polyester film and a 
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pressure-sensitive, heat-resistant, elec- 
trical grade adhesive. Stable under 
temperatures up to 125 C, the tape 
is designed for use in fine wire coils, 
transformers, and in miniature elec- 
trical components. Since it is not sub- 


ject to cold flow, it can be used to 
edge slot liners in electric motors, as 
a coil cover, or for holding lead wires 
in place. 

New tape is said to have excellent 
chemical resistance. It can be used in 


ELECTRICAL MANUFACTURING 
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These folks know that, at Chicago Molded, they are 
getting the benefit of 34 years experience in plastics 
... the know-how that pioneered many of today’s 
most widely used and successful applications. 


They have learned that no matter what their molded 
plastics application may be . . . no matter what the 
size of the piece or how great the quantity .. . 
whether it calls for thermosets, thermoplastics or 
both . . . they need only this one source of supply to 
handle the entire job. 


They realize the importance of fine mold design and 
construction and know that Chicago Molded has a 
national reputation for tools of extreme precision 
and highest production efficiency. 


They have experienced the advantages of working 


PRODUCTS CORPORATION 





with some of the best qualified designers and en- 
gineers in the industry . . . many with 20 to 30 years 
experience with this organization. 


They have found here a unique faculty for under- 
standing their needs and interpreting them promptly; 
the seasoned judgment to avoid costly misapplica- 
tions; the competence which is so essential to a 
sound molder relationship. 


It’s easy to see why, with all these advantages 
available, hundreds of the leaders of industry come 
to Chicago Molded year after year for the best 
in molded plasties. These same advantages are 
available to you...now... anytime. That’s why 
you'll find it good business to discuss plans with 
a Chicago Molded Engineer. Just write, wire or 
phone. There’s no obligation. 


CUSTOM MOLDERS OF ALL 


Flies. 


E3102 NORTH KOLMAR AVENUE, CHICAGO 51,1LLINOIS Member, Committee on Large Plastics Moldings, SP | 


MAY 
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stands up to 
rugged use 


The first line of defense in a 
motor is its commutator. Be- 
cause of this, quality cannot be 
stressed too greatly. Select com- 
mutators that assure trouble- 
free performance. 

Cuicaco CommurtTatTor, INC. 
specializes in quality. 

Now in our 11th YEAR of 
uninterrupted expansion, our 
facilities have been developed 
to a point where your most ex- 
acting needs can be handled. 
Proper design and engineering, 
plus a rigid program of inspec- 
tion and testing, is our assur- 
ance to you that our products 
will meet with your most ex- 
acting requirements. 

Send us your prints for esti- 
mates, we welcome your in- 
quiries. 

Special sizes built to your 
ORDER. 

Write on your company let- 
terhead for our free catalog. 


CAG O 


COMMUTATOR 


INCORPORATED 


325 WEST OHIO STREET 
CHICAGO 10, ILLINOIS 
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applications where very low tempera- 
tures cause other plastics to become 
brittle. Tensile strength of the new 
tape is 35 lb per in. of width and it 
will stretch to approximately 150 per 
cent of its length before breaking. 
Tape No. 5 has an insulation resist- 
ance of 100,000 megohms, a dielectric 
strength of 5500 volts and an electro- 
lytic corrosion factor of 1.0. It is avail- 
able in rolls 72 yd long and in widths 
of from %4 to 1 in., with wider dimen- 
sions available on special order. Min- 





nesota Mining and Mfg. Co., 
Fauquier St., St. Paul 6, Minn. 
Circle No. 2, Reader Inquiry 
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Facility, page 277 


LIMIT SWITCH 


Industrial limit switch is said to make 
possible more inexpensive circuit con- 
trols by minimizing the need for re- 
lays in automatic sequencing or inter- 
lock operations. The switch, Type 
ES4-J, has a die-cast case and integra] 
plunger-type actuator. A 1% in. diam 
phenolic plastics button attached to 
the end of the actuator makes the 
switch easy to operate manually for 
stop and start control of motors and 








DRIVE USES MAGNETIC AMPLIFIERS 


CONTROLLER 


SE 









MAGNETIC POWER 
AMPLIFIER 


| 
BOGUE 
' 0.C.ORIVE MOTOR 


“st” { ¥ Ty) 


MAGNETIC POWER 
AMPUFIER 








Det 


SIGNAL | 
SOURCE 


AUTOMATIC INDUSTRIAL control  sys- 
tem, called TranTork, employs mag- 
netic amplifiers. Unlike many auto- 
matic regulators, it does not depend 
on electronic circuits employing vac- 
uum or gas-filled tubes or other com- 
binations employing moving or wear- 
ing parts. Available as a packaged 
unit, one of the features claimed is 
its ability to meet almost any horse- 
power requirement and still maintain 
better regulation than obtainable with 
other devices. 

The drive consists of three basic 
sections: the drive motors; operator’s 
stations; and the controller panel, 
which contains the magnetic ampli- 


fier. Rectified power is supplied by 
selenium rectifiers. The drive can be 
supplied in all power ratings from 
fractional- horsepower to 200-hp 
drives. Speed ranges of 150:1 can be 
handled where constant torque is not 
a consideration, and speed ranges of 
better than 30:1 can be obtained 
under constant torque demands. 

Drive is physically small; a 10-hp 
controller occupies a space of ap- 
proximately 2 ft x 1% ft x 3 ft. Higher 
horsepower rated units require pro- 
portionately larger controllers. Bogue 
Electric Mfg. Co., 52 Iowa Ave., 
Paterson 3, N. J. 


Circle No. 3, Reader Inquiry Facility, page 227. 
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IAL TRANSFORMERS 


In This AJAX-TAMA-WYATT CONTROL UNIT 


The four NOTHELFER Transformers used ete ie 


in the Ajax-Tama-Wyatt Control Unit shown 
here were selected for dependability and con- 
servative design. In the center of the cabinet 


is the main auto transformer for control of 50 KW CONTROL CUBICLE FOR 
furnace power. Above and to the right is AJAX INDUCTION FURNACE FOR 
shown a control transformer for electrical MELTING METALS 


control circuits. To its left is the potential 
transformer, which with the current trans- 
former (at bottom) controls electrical in- 
struments, the kilowattmeter and the power 
factor meter. 

NOTHELFER has been supplying Ajax with 
transformers up to 525 KVA almost exclu- 
sively for the past 10 years. 

NOTHELFER Transformers are superior be- 
cause they are vacuum-pressure impregnated, 
and all joints over 10 amperes are silver- MAIN AUTO 
soldered. Bus leads of over 100 amperes are TRANSFORMER 
silver-plated. 

Laminations, oriented and most silicon 
steels are annealed in accurately controlled 
nitrogen atmosphere electric furnaces. 
























POTENTIAL 
TRANSFORMER 






“SPECIALISTS IN SPECIALS” 


No charge at any time 
for design service 







CURRENT 
TRANSFORMER 





WINDING LABORATORIES 


ESTABLISHED 1920 11 ALBEMARLE AVE. TRENTON, NEW JERSEY 


Manufacturers of Electrical Transformers— 


‘cians Testing Equipment ents 
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11 REASONS WHY 
WY Teflon. 
e 


IS IDEAL FOR 
ELECTRICAL INSULATION 


1. It has excellent electrical prop- 
erties even at high voltages and 
frequencies 


2.1t leaves no carbon residue 
along the discharge path 


3. It has good arc resistance 

4. It is practically inert chemically 
5. It has zero moisture absorption 
6. It resists weathering 

7. It has unusual heat resistance 
8. It is tough 

9. It stretches well 


10. It is strong and smooth, “snugs 
down” easily 


11. It is available in colors 


R/M Teflon tape is made by Raybestos- 
Manhattan, Inc., from Du Pont Teflon. 
A descriptive folder on R/M Teflon 
products will be mailed on request. 
Your inquiries are solicited. 


*Du Pont trade-mark for its tetrafluoro- 
ethylene resin. 


RODS, SHEETS, TUBES 


RAYBESTOS-MANHATTAN, INC. 


ASBESTOS TEXTILE DIVISION 
MANHEIM, PA. 


FACTORIES: Manheim, Pa. * No. Charleston, $.C. 
Bridgeport, Conn. * Passaic, N.J. 
Crawfordsville, Ind. 
Peterborough, Ontario, Canada 

RAYBESTOS-MANHATTAN, INC. Manufacturers 

of Teflon Products « Asbestos Textiles « Packings 

industrial Rubber Products Abrasive and Diamond 

Wheels « Brake Linings « Brake Blocks « Clutch 

Facings « Fan Belts « Radiator Hose « Rubber 

Covered Equipment « Sintered Metal Products 
Bowling Balls 





R/M TEFLON ; 
PRODUCTS : 
include : 
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other equipment. Another application 





is its use as a safety switch. With 
two switches of this type connected as 
interlock switches in the control cir- 
cuit of, for example, a punch press, 
worker must depress both switches 
with his hands before the press will 
operate. 

Switch is available with either con- 
stant or one-way mometary contact 
action. Constant contact action com- 
pletes a circuit as the switch is ac- 
tuated and “breaks” the circuit as the 
actuating force is When 
actuated, the momentary 
contact sends an electrical 
impulse and then opens the circuit 
for the rest of the plunger’s forward 
movement. The switch is not tripped 
as the plunger returns to its originally 
extended position. This action elimi- 
nates the need for relays in automatic 
sequencing operations. The ES4-]J is 
rated at 10 amp at 125 volts a-c. It 
is available with an SPDT circuit ar- 
rangement only. It can be wired into 
a circuit through a standard industrial 
conduit connection. Clearance dimen- 
sions including knob actuator and 
conduit connector are 3% in. x 2% in. 
x 1% in. Electro-Snap Switch & Mfg. 
Co., 4218-30 W. Lake St., Chicago. 


Circle No. 4, Reader 
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one-way 
model 


cility, page 227. 


HIGH-TEMPERATURE 
SILICONE RESIN 


Preliminary data indicates that sili- 
cone-glass laminates bonded with 
Dow Corning 2105 resin, have over 
100 times the dielectric life of sili- 
cone-glas laminates previously avail- 
able Transformer tubes made with 
this new bonding resin, for instance, 
have maintained their original dielec- 


Flexural strength, 
flatwise, psi, 
tested at25 C 
aged 100 hr at 250 C 
tested at 25 C 
at 260 C 


24,000 


24,440 
4,600 


Dielectric strength, 
volts per mil, 
%-in. thickness 


Arc resistance, 
sec 


Power factor, 
10° eps, 
as received 0.0051 
Dielectric constant, 
10° cps, 
as received 


Dielectric strength 
on aging, 
volts per mil 

at 250 C for 6 hr 





tric strength after aging at 250 C for 
more than 1000 hr. Room-tempera- 
ture physical properties of these mate- 
rials are similar to those of earlier 
silicone-glass laminates. In addition to 
greatly improved dielectric life, silj- 
cone-glass laminates made with 2105 
resin are easier to produce. The fol- 
lowing table gives typical properties 
measured on laminates of type _heat- 
cleaned 116 glass fabrics bonded with 
resin 2105, following the  recom- 
mended laminating procedures. Dow 
Corning Corp., Midland, Mich. 

circle No. 5, Reader Inquiry Facility, ; 22 


SMALLER TOGGLE SWITCHES 


Two new series of toggle switches 
conform to AN and JAN specifica- 
tions. Switches have the following 
features: riveted solid silver contacts 
to prevent loosening and _ provide 
maximum conductivity and heat dis- 
sipation; and a copper moving contact 
carrier for maximum conductivity and 
minimum temperature Momen- 
tary built without re- 
turn springs, eliminating a source of 
early failure. 

One of the series, IITS, consists of 
nine single-pole toggle switches with 
either maintained or momentary con- 
tact position variations. They are 
bush-mounted and a packet of fittings 
for mounting is included with each 
switch. This series has a sealed toggle 
lever to prevent foreign matter from 
entering the switch case through the 
toggle bushing. Either screw or solder 
type terminals may be supplied in 
all but one of the nine switches. AN 
and JAN ratings for the IITS series 
are: on the maintained contact ver- 
sions, 20 amp resistive load at 30 
volts d-c and 15 amp resistive load at 
125 volts a-c; and on the momentary 
contact version 15 amp resistive load 
at 30 volts d-c, and 125 volts a-c. 

The other series, 31TS, includes 
eight three-hold mounting-type  sin- 
gle-pole toggle switches with either 


rise. 
versions are 





maintained or contact 


momentary 
position. AN and JAN ratings for 


this series are: on the maintained 
contact versions, 40 amp resistive load 
at 30 volts d-c and 20 amp resistive 
load at 115 volts a-c; on the momen- 
tary contact versions, 30 amp resistive 
load at 30 volts d-c and 20 amp re- 
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The All-Electric Adjustable-Speed Drive 


designed to supersede mechanical 
gear boxes, clutches 








and variable-pitch 
cone pulleys 


O 


344 to 3HP 


STYLE E 


Get the Facts! | SAVES YOU MONEY 10 WAYS! 


® 


| 
| 
| : Ask for Bulletin @ Boosts output @ Reduces ‘down time” 
D-2102. It de- 
aie? | scribes and illus- 
<~~ ye 
Qa. 


@ Cuts down rejects @ Simplifies machine design 


trates features, 
applications, com- . 
ponents and opera- @ Saves space @ Reduces operator fatigue 
tion; dimensions 


and characteristics @ Increases safety @ Cuts changeover time 
are also included. 





@ Handles more jobs @ Operates from a-c. vu 









RELIANCE iaincase 










Tiny 


A END. 


en 


Hermetically sealed - in - glass 
Edison thermostats are imper- 
vious to dust, moisture or cor- 
rosion—and are highly resist- 
ant to shock and vibration. 
You can specify them with 
confidence for temperature 
control in air, gases, liquids 
or solids. 


@ 


By winding Edison sealed - in - glass ther- 
mostats directly into the stator coils of 
heavy duty (1 to 700 h.p.) explosion- 
proof motors, Continental Electric Co., 
Inc. of Newark, N. J., guards against sin- 
gle phase failure and virtually eliminates 
the hazard of burn-outs due to overloads. 


These tiny, sealed thermostats were se- 
lected because they are unaffected by 
temperatures of 300° E encountered in 
baking the insulating varnish, prevent 
inadvertent damage to the windings and 
withstand maximum shock and vibration. 
Each of three groups of phase coils con- 
tains an EDISON thermostat which will 





Thermostats Embedded in Windings 





DUE TO OVERLOADS 





One for thermal protection 









Three for thermal 
and “single phase” 
protection 


} 


immediately detect a temperature rise 
caused by the opening of any one of the 
three power leads. 


The rugged little thermostats guard 
against high temperature from any source. 
The alarm may be visual or audible, or 
the thermostats may be installed in series 
with a stop button for automatic shut-off 
to protect unattended installations. Al- 
though they may never be required to 
operate, EDISON thermostats can be de- 
pended on for the life of the motor they 
protect. 


Write or call for full information. 


QO Edivon. 
INCORPORATED 


Instrument Division 
Dept. 53, West Orange, New Jersey 











sistive load at 115 volts a-c. Micro 
Div. of Minneapolis-Honeywell Regu- 
lator Co., Freeport, Ill. 
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SELENIUM REGULATORS 


New series of selenium regulators are 
recommended for the regulation of 
relatively low d-c voltages. Included 
is Type D-568 recommended for the 
regulation of d-c voltages of approxi- 
mately 1.5 volts. This standard unit 
consists of two specially processed 
selenium plates connected in series 
on a mounting bracket and consti- 
tutes the basic design of a series of 
selenium regulators for other voltages. 
In operation, the selenium regulator 
is connected in shunt with the load. 
A voltage dropping resistor is con- 
nected in series with the source volt- 


4 





age and the load. Regulation is ac- 
complished by utilizing the forward 
characteristic. The voltage across the 
voltage dropping resistor varies in- 
versely with changing load current 
and the desired voltage is maintained. 
Two other types of selenium regula- 
tors are currently available: Type 
D-923 and Type D-1064, recom- 
mended for regulation of 2.0 volts 
and 3.0 volts d-c, respectively. Regu- 
lators for higher voltages can be pro- 
duced by adding more specially proc- 
essed selenium plates to the basic de- 
sign. International Rectifier Corp., 
1521 E. Grand Ave., El Segundo, 
Calif. 
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SELF-SHIELDED RELAY 


Feature of sealed Sensitrol-type relay 
(magnetic contact), type Model 723, 
is a newly designed, self-shielded core 
magnet mechanism and a built-in sole- 
noid release device. It is supplied in a 
variety of ranges with double mag- 
netic contacts, or with single mag- 
netic contacts to make contact on 
either increasing or decreasing values. 
Sensitivities as high as 2-0-2 micro- 
amp are available, and both a-c and 
d-c voltage ranges can be supplied 
self-contained up to 500 volts. Contact 
capacity of the parallel magnetic con- 
tacts is 100 ma at 120 volts a-c or d-c. 
Accuracy is said to be within +5 
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Are any of these problems yours? 





1. Need rubber-like properties for long periods of time under 


extreme temperatures? EMPIRE® Silicone Rubber Coated Glass 
Cloth (Class H insulation) is suitable for use over a temperature range 
of —70° F to 400° F...is resistant to thermal shock ... will not 
crack, become brittle or deteriorate at high or low temperatures... 
offers good resistance to lubricating oils and most chemicals... has 
good dielectric strength and low power factor. 





3. Looking for a versatile material with special mechanical, 


electrical and structural properties? LAMICOID®@—a laminated 
plastic made with various fillers—is available in standard NEMA 
grades and others, with characteristics such as punching adapta- 
bility, heat and moisture resistance, tensile strength, impact strength, 
low loss factor, high dielectric strength, and properties 
made” to your specifications. 


“‘custom- 


2. Looking for molding plate for Class H instalbations? Silicone 


molding plate for Class H applications which could not be produced 
successfully with regular built-up mica splittings can now be manu- 
factured from ISOMICA* (built-up continuous mica sheets). ISOMICA 
silicone bonded molding plate has excellent moldability. 
retention of shape.. 


..excellent 
.and an extremely high degree of homogeneity. 


*“Trade-mark 


. . 4 
4. Want your signs, instrument panels, nameplates and dials 
to look better, last longer, be easier to install and maintain? 


DECORATIVE LAMICOID lends itself readily to marking by engrav- 
ing, sandblasting, silk screen and rubber-plate printing, painting, 
filling or use of printed matter. Resists wear, aging, weathering, oils, 


corrosive vapors, moisture and temperature extremes. Wipes clean 
with a damp cloth. 


Whatever electrical insulating materials you need, MICO makes them best. 
We manufacture all standard types and many special materials, or fabricate 


parts to your specifications. Send us your blueprints or 





problems today. 


=@ mca Sesullee commanr 


Schenectady 1, New York 
Offices in Principal Cities 


LAMICOID ® (Laminated Plastic) « MICANITE® (Built-up Mica) « EMPIRE ® (varnished Fabrics and Paper) « *ABMICATEO MICA 
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PRECISION POTENTIOMETERS 


_ of optimum accuracy 
meeting your space requirements 


Type RVP3 tapped hole and 
precision pilot mounting 


FUNCTION 
Linear or resistance element width 

shaped to obtain Non-linear functions 
— Yields essentially constont onauiar 
resolution 


WIPER 


Ovo! Paliney Contact for long wear 
Light Torque, positive electrical 
connection. 

Rotational life: 500,000 cycles in 
each direction ot 










30 rpm or less. 






RV1 
Servo mounting 


BASE 
Precision machined aluminum finished 
with corrosive-resistont Black Alumilite 


SLIP RINGS 
Inlaid Coin Silver — double brushes 
fer low contact resistance 






SILVER OVERTRAVEL 


Precisely fixes electrical rotation 
angle, protects ends turns 
for long life 


Technology Instrument Corporation potentiometers are designed for 
application in computing devices, instrumentation, electronic control and 
servo mechanisms — wherever extreme electrical and mechanical precision 
is an essential requirement. 

As a result of years of custom manufacturing a complete line of standard 
sizes is available ranging from 7 inches in diameter to the sub-miniature 
7” in diameter. 

Custom design both mechanical and electrical is a featured TIC service. 
Precision non-linear pots may be designed to meet customer’s requirements 
from either empirical data or implicit functions. Taps and special winding 
angles anywhere up to 360° continuous winding can be incorporated into 
both linear and non-linear precision potentiometers. Greatly expanded facil- 
ities plus mass production techniques meet customer volume needs yet 
maintain precision tolerances in both linear and non-linear potentiometers. 


ELECTRICAL 
Pcie 2 LINEARITY 


EXAMPLE OF NON-LINEAR FUNCTION 
AVAILABLE AS STANDARD 
07 Ay eT 


TYPE DIAM RESISTANCE 


Tia) u Re: 

to Th) Pi 01% peak amplitude 

ae | Evie Pant a Servo—tapped 
an 4 - Pari bl 


; Ase eat 
er) ; 


RYT atte atta Thr 


ot Fao bem is lal Cie aes 1 


precis P 
or threaded 
bushing 
Available for non-linear functions 
Note: Phenolic base precision po- 
CU Mlal st iam ul imei) el 
bakelite shaft 


3 tapped ho 


Servo—tapp 
hole and 
Precision pi 
or threaded 
Lr Tre} 
Servo—tapped oi eA et ad) 
hole and E out 
precision pilot E in 
or threaded per quadrant 
bushing 


ST ae) 
teem 


ban 


Type RV2-S112 function: R=K 
conformity 5% over 64° to 320 


STR LT S| 
Penne kt ee : 
~ sin +4% peak amplitude 


Std. values 
roe R tte Y] 
to to 


AT tena nea 
re t 
threaded ae rrr) ies) 


TT | 4% of 
peak amplitude 


LINEAR TYPES ONLY 
eA UA AT a eg 
threaded 
bushing 


Std. values 320 ek 
re Ree ed tol. to es+ S% 
hd Ld A at 


RYT Transiatory 10,000 2 Stroke* cal by Ay ee 


Prdvides output proportional to a linear dis 
3%" « 1% a yA 2'/y resistance 


placement rather than a rotary motion of a shaft 





* Special resistance values and stroke lengths from.5 inches to !5 inches can be provided on a custom basis 


ENT CORP. 


537 Main Street, Acton, Massachusetts, Phone Acton 3-7711 
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per cent for d-c and approximately 10 
per cent for a-c, depending on cir- 
cuit conditions. Outside magnetic 
fields, it -is claimed, have little or no 
effect on the accuracy. The _ built-in 
solenoid, used for resetting the mag- 
netic contacts, consumes less than % 
watt on d-c and less than | watt on 
a-c. Standard solenoids are furnished 
for 6-volt d-c service; solenoids for 
120-volt a-c service and other voltages 
can be obtained. Model 
equipped with a sealed zero corrector, 
solder terminal connections, and a re- 
movable bezel for special mounting 
requirements. Weston Electrical In- 
strument Corp., 614 Frelinghuysen 
Ave., Newark, N. J. 
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HERMETICALLY SEALED 
CONNECTORS 


Designed for use in circuits of her- 
metically sealed electronic and elec- 
trical instruments, M-7500 Series con- 
nectors can withstand: mechanical 
shock of 100 g, thermal shock from 
500 F (e.g., when connectors are 
welded to instrument housings), and 
a voltage breakdown of over 1000 





volts. They are impervious to mois- 
ture, corrosion, rare atmosphere, high 
pressure, fungus, and vibration. One 
end of the connector is designed to 
mate with standard AN(MIL) types. 
The other end has a tapered and ser- 
rated surface, so that the connector 
can be pressed into the instrument 
housing and mechanically anchored to 
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STANDARD TYPE “CV” 
15 VA to 10,000 VA 








CUSTOM DESIGNED UNITS: 1 VA to 25,000 VA 


The wide flexibility of the Sola Constant Voltage principle makes 
possible special designs to meet your specific requirements. 
Often, time and money can be saved by direct use or modification 
of a regulator from the several hundred special designs on file. 
Custom designs can include: Special Voltage Ratios, Spe- 
cial Frequencies, Compensation for Frequency Varia- 
tion, Multiple Output Voltages, Three-Phase Service, 
and Military Specifications. 


UNITS: 


Most voltage regulating requirements can be 
met from these “stock” voltage regulating trans- 
formers. Regulation is +1% or less with a total 
“ott primary voltage variation as great as 30%. STANDARD 
: This is the static-magnetic voltage regulator SPECIALIZED T 
that has become the “Standard of the World.” 

















Available from 
lar production; 


... less than 3% har- 
monic distortion... 
poe 


% regulation. 


... +3% regulation 
or less...single, com- 
pact voltage source. 


... less than 3% har- 
monic distortion... 
+1% regulation. 


-.. +3% regulation 
... imexpensive ... 
plug-in type. 





COMPLETE CATALOG 


Write on your letterhead for our new Con- 
stant Voltage Catalog. It gives complete 
specifications, and operating data on SOLA 


O LA \ TRANSFORMERS vrecstunts Request Bulleis Bova. 
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\_ Wonder drugs” 
for ailing contacts 


New metal powder combinations are the “wonder drugs” for 
treating electrical contact ills. 

Molded silver-graphite quickly cures chronic cases of prema- 
ture contact failure. 

Silver-tungsten, silver-iron oxide, copper-graphite, silver-lead 
oxide and various others work wonders in other instances. 

But “wonder drugs” themselves are only part of the story! 

Very often, improvement depends as much on the way these 
contact materials are produced as on the materials themselves. Con- 
tacts of identical metallic composition may be given widely different 
properties. Stackpole “know how” in achieving desirable properties 
accurately is, we believe, equally noteworthy to the Stackpole pio- 
neering of various contact “wonder drugs” or the Stackpole 
facilities for producing them all. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


” 


Helpful Contact Data 
Stackpole Bulletin 12 contains a wealth of helpful data on modern 


contact materials and their uses. 


SHAPES 


AND SIZES IN SILVER-GRAPHITE -¢ 


SILVER-LEAD OXIDE 


SILVER-IRON OXIDE « SILVER-NICKEL « SILVER-MOLYBDENUM 


SILVER-TUNGSTEN e COPPER-GRAPHITE e COPPER-TUNGSTEN 


COPPER MOLYBDENUM and various other materials. 








prevent turning. The strength of this 
mechanical anchor plus the high melt- 
ing temperature of the connector’s 
hard-glass insulation permit use of 
any common method of bonding con- 
nector to housing without the use of 
special assembly jigs and staking tools 
and without danger of breaking or 
melting the seal. In addition to stand- 
ard models, special-order connectors 
are available with special altoy shells 
and mounting arrangements. Mono- 
watt Dept., General Electric Co., 95 
Hathaway St., Providence 7, R. I. 
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PLATE-CIRCUIT RELAY 


Chatter-free circuit opening and clos- 
ing under slowly increasing or de- 
creasing currents are features of Type 
C snap-action relay. Developed to 
operate in the plate circuits of such 
thyratrons as the type 2050, 2D21 
and 502A, relay employs a type BA2R 
snap-acting switch having character- 
istics particularly suitable for induc- 
tive loads and those involving high 
inrush current. This construction 
makes the relay practically immune to 
shock, vibration, or tilting. Single- 
pole contacts, which can be wired for 
either normally-open or  normally- 
closed conditions, are rated for 20- 
amp steady-state currents and 75-amp 
inrush currents on voltages up to 460 





volts a-c. On special units other types 
of snap-acting switches with different 
contact characteristics can be sup- 
plied, as well as units in hermetically 
sealed plug-in cases. The construc- 
tion provides a combination of me- 
chanical stability and a large cross- 
section magnetic path which makes 
the relay relatively insensitive to 
variations in operating voltage. The 
frame is a section of annealed rolled- 
steel angle, into which the heavy 
movable leaf is hinged. The gap is 
adjustable by means of a screw and 
a locknut, as well as by the position 
of a mechanical stop. Operating char- 
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making glass hehave 


FIBER 





... 1M Continuous ribbons of plate glass 


or continuous filaments of Fiber Glass 
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Extremes in utility, extremes in form—and excellent illustrations of 
the skills acquired by Pittsburgh Plate Glass Company in 70 years 
of glassmaking. 

PPG makes glass behave . . . drawing it into the tiny continuous 
filaments of gossamer fineness for Fiber Glass just as skillfully as it 
rolls it into continuous ribbons of plate glass. From raw materials, 
through all the intricacies of manufacture, PPG Fiber Glass is made 
to meet the most exacting needs. 

If Fiber Glass is used in your products—or if you contemplate its 
use to replace other materials—investigate the many advantages 
provided by PPG facilities. Pittsburgh Plate Glass Company, 420 


Duquesne Way, Pittsburgh 22, Pa. 


PAINTS - GLASS - 


GLASS CHEMICALS 


G) 
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You can obtain PPG Fiber Glass 
in these forms 


Superfine Insulation—Extremely light-weight, 
efficient thermal /acoustical insulation for 
aircraft, automobiles, househeld appliances, 
cold-weather garments, etc. Available with 
foil and vinyl facings as well as un-faced. 


Yarns, Strands and Roving—For industrial 
and decorative textiles; reinforcement of 
plastics, paper and rubber; electrical insu- 
lations. 


PPG field engineers are available to work 
with you on any applications involving the 
use of these Fiber Glass products. 


BRUSHES - PLASTICS 


COMPANY 


157 








KELLER Air Tools 


Increase Production per Man-Hour 





ANOTHER EXAMPLE OF 
KELLER Air Tools engineered to industry 


Keller Screw Drivers and Nut Set- 
ters brought important benefits to a 
manufacturer of duplicating ma- 
chines. He says: “Since we started 
using Keller air tools there has been 
a noticeable reduction in worker 
fatigue, and increased production 
per man-hour. 

“Our work requires highly skilled, 
intelligent workers, and these tools 
have given them better satisfaction 
in their jobs, and improved our 
labor relations.” 


Weigh 


less 


Consume 
less air 


FACTS IN BRIEF 


Reduce ABOUT KELLER PNEUMATIC SCREW DRIVERS 
operator 
fatigue Interchange- 


Need fewer 
“back-up” parts 
in the tool room 


able parts 


Wide variety of 
handles, gear- 
ings, torques, 
speeds 


Clutches, socket 
drivers, 45° and 
90° attachments 
for every purpose 


Send for 
FREE 36-Page Booklet 


MU um Mri: 
ideas on air tool application 






Keller Tool Company, Grand Haven, Mich. 


Please send me a free copy of your booklet on 
Pneumatic Screw Driving and Nut Setting Tools 


— Title 


nme _Zone State 
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acteristics can be varied from 8 to 12 
ma pull-in and 2 to 6 ma drop-out 
current to meet various functional re- 
quirements. Relay is designed to 
operate with a 2-mf bypass capacitor 
and has a standard actuating coil with 
a resistance of 3000 ohms; it can also 
be furnished with other resistances, 
Thermo Instruments Co., 1129 E] 
Camino Real, Belmont, Calif. 
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ROLLER CHAIN SPROCKETS 
Many advantages are claimed for a 
new line of Taper-Lock sprockets and 
of roller chain. Among these are: 
elimination of reboring of sprockets to 
fit shafts; shafts need not be turned 
and ground to get a tight fit; and 
Taper-Lock not only is keyed to the 
shaft, but grips it with firmness of a 








shrunk-on fit. Also, when a sprocket 
is to be replaced it comes off easily, 
and the bushing may be _ re-used. 
Other features are that sprocket has 
no flange, no protruding parts, and 
occupies no more space on the shaft 
than standard sprockets. The flush 
design contributes materially to safety. 
Both chain and sprockets are made 
to ASA standards. A complete range 
of B-type steel sprockets, 40 to 100 
pitch, is available capable of taking 
any make of American Standard 
chain. To indicate the extent of the 
line, the range in 50 pitch, for ex- 
ample, is 11 to 112 teeth. All bush- 
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Let a simple retaining ring save 
metal and money for you! 


Retaining rings saved material and assembly time on this 
finely made rheostat. They continue to save money both 
for Hardwick Hindle—the manufacturer—and for its cus- 
tomers. 

Looking at this application you may say it was obviously 
a “natural”, but there are literally thousands of cases where 
retaining rings can save as much or more. 

Examine your machines and products to see where the 
use of these inexpensive modern artificial shoulders can 
cut your costs too. 





It is needlessly expensive and wasteful to hold a mecha- 
nism in place with unnecessarily big shoulders or collars, 
or to temporize with small cotter pins etc., etc. 

Let us show you how these high grade steel rings can 
do a thoroughly efficient job, saving money for you as 
well as for your customers. 

More and more applications of retaining rings are being 
made every day. 


Write today for descriptive folder. 


THE NATIONAL LOCK WASHER CO. 


NEWARK 5, NEW JERSEY ° 


MAY 1953 


MILWAUKEE 2, WISCONSIN, U. S. A. 






















Standardize on Quality! 
with STEARNS MAGNETIC 


DISC BRAKES 






Save Valuable 
machine time 
with Stearns Brakes 
designed for: 


@ SAFER OPERATION — LONGER LIFE 


@ EFFECTIVE STOPPING AND HOLDING 
OF MOTORS AND MACHINERY 


@ LESS WEAR AND MAINTENANCE 
@ EASY ADJUSTMENT 

@ FASTER RELEASE 

@ SHORTER LENGTH 


® ADAPTABILITY FOR FLOOR OR MO- 
TOR MOUNTING ...OR VERTICAL OR 
HORIZONTAL APPLICATIONS. 


Stearns Magnetic Disc Brakes are available in 
standard or dust tight, waterproof enclosures, 
direct or through major motor manufacturers, 


Write today for complete specifications and 
literature. 


1. You SEE each operation 
of the brake through action 
of the indicator, this indica- 
tor provides for manual re- 
lease without removing 
brake housing. 


2. Brake torque setting is 
easily accomplished by turn- 
ing single torque nut. 


3. Simple adjustment for 
lining wear. A turn of a 
screwdriver on the wear ad- 
justment stud. No need to 


remove housing. 





STANDARD 
FLOOR MOUNTING BRAKE 
— 


i 
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ings and the smaller-size sprockets 
are packaged individually. Chain wil; 
be packaged in 10-ft lengths and can 
be furnished in 50- and 100-ft reels, 
Dodge Mfg. Corp., Union St., Mis- 
hawaka, Ind. 
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FHP MAGNETIC BRAKES 


Fractional - horsepower magnetic 
brakes for all standard a-c or de 
electric motors are now ava#able with 
torque ratings of 1%, 3, and 5 lb-ft. 
Brakes self-adjust for wear, but crit- 
ical adjustment of torque can be made 
for precisely timed stops. Units have 
thermal ratings of 6, 7, and 8 hp see 
per min, respectively. Molded asbes- 
tos friction discs with high heat dis- 
sipation keep operation cool. Design 
eliminates solenoids and mechanical 
linkages. All brakes are equipped 


a aE Ss 


wok las i Sa a 





with hand release, and mount with- 
out dismantling. Motor and _ brakes 
are connected in parallel. When motor 
starts, energized magnet operates to 
release pressure on rotating friction 
discs. Stopping motor deenergizes 
magnet, freeing pressure plate, which 
applies firm pressure to friction discs, 
stopping motor instantly, and holding 
load. Brake mechanism is housed in 
cast aluminum cover with cast iron 
mounting bracket. Standard brakes 
are fully enclosed; weatherproof- 
explosion-proof covers are available. 
Dings Brakes, Inc., 4713 W. Electric 
Ave., Milwaukee, Wis. 
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RANGE TIMER 


Range timer, provided with an eras- 
ing dial, gives an exact indication of 
the time left before completion of 
cooking. To protect the dial against 
grease vapors and other foreign mat- 
ter the time set knob is located at the 
side, thus permitting use of a solid 
glass. Available in color combinations, 
timer can be set for “immediate” 
start, with “stop” later; or can be set 
to both “start” and “stop” later. Total 
cooking hours possible are 5%, with 
a setting for operation up to 11% hr 
beyond setting time. Timer has a 
three-knob arrangement, with time set 
knob at the side. Knob provides good 
grip; bezel is optional; separate glass 
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aa Development of new, special purpose ceramic compositions is 
of f SEE OUR DISPLAY a regular part of our work. No matter what your requirements 
of 


are, the chances are good that we have an AlSiMag composition 


st BOOTH 71 that will do the job. 


the ney f If you need a material with special characteristics or have a 

lid Exposition 0 difficult design involving intricate shapes or close tolerances, 

ns | BASIC M ATE RIA LS give us your requirements. Let us show you what we can do. 

a For Industry S2ND YEAR OF CERAMIC LEADERSHIP 

re GRAND CENTRAL PALACE AMERICAN LAVA CORPORATION 
a NEW YORK CITY CHATTANOOGA 5, TENNESSEE 

set JUNE 15-19, 1953 OFFICES: METROPOLITAN AREA: 671 Brood St., Newark, N. J., Mitchell 2-8159 © SYRACUSE, N. Y.: 


od 330 Arlington Ave., Phone 76-5068 « CLEVELAND: 5012 Euclid Ave., Room 2007, Express 1-6685 » NEW 

ENGLAND: 1374 Mass. Ave., Cambridge, Mass., Kirkland 7-4498 « PHILADELPHIA: 1649 N. Broad : = 

Stevenson 4-2823 * ST. LOUIS: 1123 Washington Ave., Garfield 4959 * CHICAGO: 228 N. LaSalle 

Central 6-1721 * SOUTHWEST: John A. Green Co., 6815 ‘Oriole Dr., Dallas 9, Dixon 9918 © LOS ANGELES, 
5603 N. Huntington Dr., Capital 1- 9114 










































POUR sree, BALL Co. 


Largest Independent and Exclusive Metal Ball Manufacturer 


P8590 SO. S4th AVE., 
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Augat two-tension loop clamps are the long-sought 
answer for uses where socket tolerances vary up to 
040. The bands of these sturdy clamps are made of 
Beryllium copper, heat treated to retain original ten- 
sion and nickel plated to withstand a 96 hour salt spray 
test with no adverse effect. 


The remaining parts of Augat’s two-tension loop 
clamps are made of 18% nickel silver. 


Write today for catalog and samples. 


AUGAT BROS. INC. 


31 PERRY AVENUE + ATTLEBORO, MASS. 


Cicero ILLINOUS 


holder is available where bezel is not 
used. Setting is accomplished merely 
by turning set knob ahead to desired 
“stop” position, and backing off the 
required number of hours to the “stop” 
position. Operation is completed by 
turning the control knob to the “auto- 
matic” position. Action is provided by 
a cam which forces switch blades into 
the proper position at each stage of 
operation. Timer may be mounted in 
any position; a set of switch blades 
for a convenience outlet is also pro- 
| vided. Haydon Mfg. Co., Inc., 2528 
| Elm St., Torrington, Conn. 

| Circle No. 13, Reader Inquiry Facility, page 227 
| 

| 





HERMETICALLY SEALED 
TERMINAL 


Compression-type, hermetically sealed 
| terminals withstand severe vibration 
| and shock without affecting the seal. 
| Unit consists of a tinned brass ter- 
| minal stud, steatite insulators, and a 

silicone rubber seal. The silicone rub- 
| ber is compressed between the steatite 
insulators and forms a seal by being 
displaced against an extruded hole in 
the cover plate and against the ter- 
minal electrode. The compression is 





held by an eyelet which is driven onto 
the end of the electrode and crimped 
securely. The eyelet serves as a lug 
for internal connection, and the en- 
tire assembly is only 742 in. diam x % 
in. long. 

The exposed silicone rubber seal is 
water-repellent and serves to break 
the moisture path from the terminal 
stud to ground, greatly retarding d-c 
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Just suppose all the nuts, bolts and screws 
were suddenly removed from a sparkling 
new range. A great deal more than a cake 
would fall—as the illustration above dra- 
matically shows. 


Yes, fasteners are important—and worth 
all the time and care you take in selecting 
those that are “just right” for your product. 
Lamson & Sessions is currently supplying 
most of the appliance manufacturers with 
bolts, nuts and screws—each type engi- 
neered to meet individual requirements. 

















The Day the Cake Fell! 






Regardless of the product you manufacture; 
it will pay to take a critical look at the 
fasteners you are now using and ask your- 
self these questions: 


Can I save money by replacing a “special” 
with a “standard”? Or will the use of a 
“special” simplify production, thereby, 
saving time and perhaps materials? 


Remember, whatever your problem, to 
check with Lamson & Sessions—one of 
the few manufacturers offering a complete 
line of fasteners teamed with expert engi- 
neering service. 


The LAMSON & SESSIONS Co. 


1971 West 85th St. e Cleveland 2, Ohio 
Plants at Cleveland and Kent, Ohio « Birmingham « Chicago 





FOR PROMPT DELIVERY AND HELPFUL SERVICE, 
ORDER FROM YOUR LAMSON DISTRIBUTOR 
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SQUARE AND HEX 
is TAPPING SCREWS MACHINE SCREW "1035" SET 
Lk MACHINE SCREWS} = PLUG NUTS ete «cores NUTS LOCK NUTS COTTER PINS SCREWS 
il Precision made for Ideal for blind or oval, hexagon "1035" Hi-Tensile Semi-finished, hot Economical, vibra- Steel, brass, alu- Cup point type, 
* fast, economical hard-to-reach and Phillips Heat-treated pressed, cold tion proof. Can be minum and stain- hardened and 
-c assembly. places. heads. steel. punched. less steel. 











heat-treated. 





used repeatedly. 
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Easy-reading K-24 instruments 


EEE 
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Give you more freedom in switchboard design 


Sometimes the instruments on 
your switchboards can have signifi- 
cant effects on the overall design. 
The power station above is a good 
example of creative switchboard 
design with the right instruments. 


The Westinghouse Full-View 
K-24 instruments on the board are 
exceptionally readable—even from 
sharp angles. Thus the designer 
was able to stack them up high on 
the board. Old-style instruments 
aren’t easily read from this angle 
so they would have been set lower 
and spread out—resulting in a 
longer, less compact board. 

You can see the results of this 
superior readability. The operator 
can see many more instruments 
from where he stands. This makes 
him more efficient and he can act 
faster when action is needed. And 
because the whole unit takes up 
less space and material, the overall 
cost was lower. 


Westinghouse supplies a com- 


plete, co-ordinated line of electri- 
cal measuring instruments for 


you can BE SURE...t¢ irs 


Westinghouse 


EVERYTHING YOU NEED IN METERS AND INSTRUMENTS 
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every switchboard application. 
Write now for booklet, B-4695, 
“Getting A Full Measure”’.Westing- 
house Electric Corporation, Box 
868, Pittsburgh 30, Pennsylvania. 

J-40427 





You can read the K-24 accurately 
under any lighting conditions and 
from very wide angles—up to 50°. 
Shadows, glare and parallax are prac- 
tically nonexistent. It is a triumph of 
optical engineering. 














plating. The rubber seal also absorbs 
vibration and shock without affecting 
the seal. Operating temperature range 
is —65 to 500 F. Terminal can be 
used for mounting components on a 
terminal board. Usual application js 
in terminal header assemblies, which 
can be furnished in combinations for 


| all standard MIL-T-27 cases, as well 
| as in special arrangements. The dark- 


er colored terminal is used to identify 
the first terminal location. All metal 
parts have a hot tin dip finish for 
ease of soldering and for corrosion 
resistance. Torwico Electronics, Inc., 


961 Frelinghuysen Ave., Newark, 
N. J. 
Circle No. 14, Reader Inquiry Facility, page 227 
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MINIATURE ELECTRICAL 
CONNECTORS 

Multi-contact miniature pressure-tight 
electrical connectors are now avail- 
able. Designated the CR-5-2-R, it is 
designed for airborne electronic and 
other applications requiring mechan- 
ical protection with pressure-tight fea- 
tures. Leakage is less than 1 cu in. 
per hr at 30 psi pressure differential. 
The CR-5-2-R provides neoprene seal 
resistance. Torwico Electronics, Inc., 
961 Frelinghuysen Ave., Newark, 





cast aluminum housing. Positive polar- 
ization of contacts is effected by key- 
ways in the aluminum shells. Five 
contacts for No. 20 AWG and two 
contacts for No. 18 AWG wire are 
precision machined and gold plated 
over silver. Connector has overall di- 
mensions of 1 in. max diam, and 
1°%40 in. engaged length; weight of 
receptacle and plug is 2 oz. Win- 
chester Electronics, Inc., Glenbrook, 
Conn. 

Circle No. 15, Reader Inquiry Facility, page 227 
DEVICE 

New 16-stage magnetic binary shift 
register, Bi-Mag Register SRA-16, is 
intended for circuits having low en- 


ergy transfer with an information rate 
between 0 and 25,000 pulses per sec. 


STORAGE 


| Designed for use in the storage, count- 


ing, and control of digital informa- 
tion in automatic computing or con- 


| trol equipment, the storage device is 


rugged with no glass envelope or 


| fragile parts. Read-out interval after 


read-in can be made in microseconds 
or as long as desired, providing an 
unlimited storage period. Since the de- 


ELECTRICAL MANUFACTURING 


| 





n- 


Ik, 


iift 

is 
on- 
ate 








te LL 





er 


Here’s a new thin Class “H”’ insulation .. . 


IRVINGTON Silicone-Coated Novabestos* 


Only .0025” to .003” thick—suitable for continuous operation at 180° C 
—offering excellent electrical and good physical properties—Irvington 
“ye ae r ‘ ° © I . . I I ° e © 
Silicone-Coated Novabestos is ideally suited for any application re- 

. . . . . 5 . ? I I 
quiring a thin high-temperature insulation. 


Irvington Silicone-Coated Novabestos consists of a special grade of eeilide 
very thin, very pure long-fiber asbestos formed into continuous-length 

rolls, and completely saturated and coated with silicone resin. IRVINGTON 
for insulation leadership 
INSULATING VARNISHES 


VARNISHED CAMBRIC 
VARNISHED PAPER 


Silicone-Coated Novabestos is a two-way space-saver in the design of 
electrical and electronic equipment. Since it meets all Class “H” re- 
quirements, it allows windings to run at higher temperatures, and thus 


permits more compact construction. Its exceptional thinness cuts down VARNISHED FIBERGLAS 
the space needed for insulation—effecting savings in weight as well as INSULATING TUBING 
in size. CLASS “H" INSULATION 


If you’ve been looking for a thin Class “H” insulation, you'll certainly 
want to know about this new product of Irvington insulation leader- 
ship. Just send the coupon for technical data sheet. 





Trade Mark of Raybestos-Manhattan, Inc. 





,..; --_ - =a = oa oS eS eS eS 
Send this convenient coupon now | Irvington Varnish & Insulator Co. EM 5-53 
ry 1 9 Argyle Terrace, Irvington 11, N. J. 
Gentlemen: 
| Please send me technical data sheet on Irvington 
| Silicone-Coated Novabestos. 
Oy MNO a ee ee MRD es. tacts chic 
VARNISH & INSULATOR COMPANY 
: 1 I go cicada tencesimens save eenitipscciadaia iaia a 
Irvington 11, New Jersey 1 
| SONU ac cos vo cscs acs acyaoinenecegesasgtre eee ee 
Plants: Irvington, N. J.; Monrovia, Calif.; Hamilton, Ontario, Canada | bef eee ee Reais). >) Sete te: i" 
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No. 6375S, AN3307-1 | 
2PDT Hermetically Sealed, 
Solder Terminal Type 





vice requires no stand-by power, 

power failure does not result in loss 
| of stored date; neither is constant re- 
| generation needed. Fast access speeds 
are provided by the ultra-thin mag- 
netic materials used and by circuit 
design. American Machine & Foundry 
Co., Electronics Div., 1085 Common- 
wealth Ave., Boston, Mass. 
circle No. 16, Reader Inquiry Facility, page 227 










through better 
Hermetically 
Sealed Relays 


No. 637PS TIME SWITCH 
2PDT Hermetically Sealed, 


Feature of time switch is a simplified 
Plug-in Type in Octal Plug 


tripping and switching system; there 
are no star wheels, cams, or multiple 
lever switches. Switch has a snap ON 
lever operated by the ON trippers on 
the dial and a simple OFF lever oper- 
ated by the OFF trippers. The 24-hr 
time dial, moving in clockwise mo- 
tion, carries the trippers up against 
these levers. A motion of % in. of 


SPECIFY 


é most advanced hermeti- 


No. 9031SS 
3PDT Hermetically Sealed, 
Solder Terminal Type 


ing. 


ere at Leach you will find 
lete engineering, testing 
roduction facilities to 





decades of \eadership in pro- 
i es of relays for 
erformance 
under compet\ive operating 


| the lever operates the heavy-duty 
conditions. 


Micro Switch controlling the load cir- 
cuit. By means of an interlocking 

sid arrangement, the levers may be man- 
THROUGH BE RELAYS ually operated without interfering 


— Spedify Leach Petonnnnee chevetorteties for the with the sequence of the automatic 
Relays illustrated above are as follows: ; : 
operations. Due to the very small mo- 


® Contacts rated: 10 Amps. ; . . t 
> ‘VeTS 1e¢ S > S ) 
PoleiienamibeleianentDURe. tion of the le vers, wear is r¢ duced ( 
a minimum. Timer is housed in a 
@ 6 Amps. Motor load at 29 VDC. 


ae cane alesis steel box 4% in. x 5 in. x 7 in., with 
~ mps. Resistive at ' cycles. t-ti ‘ove mite -ctronic 
ce dust-tight cover. Lumite Electr 


Co., 407 S. Dearborn St., Chicago. 
C e No. 17, Reader Inquiry Facility, page 227. 


Ata 


5 c ; ~ gt ‘7 . ee | PAPER TUBES 
bhEACH RELAY CGO. FJ 


| As a result of a new technique which 





is said to solve many coil winding 
problems, Paraformed paper tubes are 
available in spiral-wound square and 


5915 AVALON BOULEVARD @ LOS ANGELES 3, CALIFORNIA 
Representatives in Principal Cities of the U.S. and Canada 
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They wanted Springs 
for a 750°F Oven 


..» How Inco Technical Aid helped the 


MAY 


1953 


designers get what they wanted 


TRUTNER & BOUMANS needed springs that 
could hold up during a 45-50 minute baking 
cycle which reached 750° F. — a tempera- 
ture that took the “‘bounce”’ out of all the 
springs they tried. 


Finally they came to Inco. 


Inco engineers studied the problem and 
then recommended Inconel ‘“‘X” wire, be- 
cause of its high temperature-resisting and 
low relaxation characteristics. And Inconel 
“X”’ worked. After 10 months of round-the- 
clock service in a television tube baking 
oven, they were still giving perfect service. 


Talk your problem over with 
an Inco Nickel Alloys engineer 


Whatever your metal selection problem 





The Inconel ““X”’ spring seen in the foreground supports the 
television tube on the “spider” during a 45-50 minute baking 
and cooling cycle that reaches 750° F. The oven for which 
this spring problem was solved is one designed and made 
for a famous electronic equipment manufacturer by 
TRUTNER & BOUMANS, INC., Hillside, N. J. 


may be, chances are Inco can find the an- 
swer. The publication listed here is avail- 
able to you free. Why don’t you write for it 
today? If you need specialized data, we’ll 
be glad to talk the problem over with vou. 


Write For This Publication 


‘Analyzing the Spring Problem” is its title! 
It is a simplified work sheet for submit- 
ting spring problems involving extreme 
temperatures, corrosive conditions, special 
electrical requirements, for study and rec- 
ommendation by Inco’s Technical Service 
Section of Development & Research. 


The International Nickel Company, Inc., 
67 Wall Street, New York 5, N. Y. 


Inco Nickel Alloys 


MONEL® + “R”’@ MONEL « ‘’K’”® MONEL © “’KR’@ MONEL 
‘S‘‘® MONEL « NICKEL » LOW CARBON NICKEL + DURANICKEL® 


INCONEL®) - INCONEL “X’°® + INCONEL “W’’® 


| 
INCOLOY® - NIMONICS® A, 
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AN Originally designed for Army-Navy 
Specification requirements. Now used 
widely for instruments. Connects and dis- 
connects by screw action of threaded cou- 
pling ring. Made in 2 plug types—3 
receptacles with variations and accessories, 
in 15 shell sizes and more than 200 insert 
arrangements. 





K Light weight, aircraft type connector 
ideal for many instruments. Connects and 
disconnects manually. Is held together by 
Acme thread coupling ring. Made in 7 shell 
types in 8 different diameters and more 
than 190 insert arrangements. 





GS Hermetically sealed by use of glass 
fused to shell and contact, both machined 
from cold rolled steel. Made in 2 shell types 
—10 diameters and currently having 30 lay- 
out arrangements. Additional arrangements 
are being designed. 





RS Hermetically sealed with special re- 
silient rubber inserts. Specially adapted to 
aircraft relays and other sealed components. 
These fittings mate with standard “AN” 
Connectors having corresponding inserts. 


CANNON ELECTRIC 


CANNON 


FACTORIES IN LOS ANGELES, NEW HAVEN, TORONTO 


REPRESENTATIVES 
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IN PRINCIPAL CITIES 


the highest quality 


and greatest variety 





DPM This series used primarily on elec- 
tronic equipment where a multiple contact, 
rack and panel connector of extremely 
small dimensions is required. Both plug 
and receptacle are rigidly mounted. Con- 
nect and disconnect automatically when 
assemblies, to which they are mounted, are 
joined or separated. Made in 2 sizes having 
2 contact arrangements. 





AN-M for the tough jobs. Moisture- 
proof, vibration-proof and pressurized. 
Radio shielding is provided and all 
threaded parts are drilled for safety wiring. 
Connect and disconnect by screw action of 
threaded coupling ring. The variety of sizes 
and layout arrangements is nearly as great 
as the AN line. 





RTC isa quick disconnect requiring low 
separation force and having simple mount- 
ing requirements for chassis or wall types. 
Moisture drain holes provided in receptacle 
section. Plug section provides for lacing 
down wires after soldering. Made in five 
sizes. 


For engineering data on any 
of these Cannon Plugs request 
: free bulletins by type, such 
Since 1915 as “K"’, “GS”, “RTC”. etc. 

Cannon Electric Company, 
P.O. Box 75, Lincoin Heights 
Station, Los Angeles 31, Calif 


| 
| 
| 
ELECTRIC COMPANY | Address Department E-118 
| 
| 
' 
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rectangular tubes with perfectly flat 
side walls, sharp square inside cor- 
ners, and very small radius on the 
four outside corners. The paper tubes 
eliminate the possibility of any sharp 
outside edges cutting the wire during 
multiple or single winding of coils. 
They also eliminate squeezing opera- 
tion of finished coil and possibility of 
shorts due to fractured enamel insula- 
tion. Any need for wedges to tighten 





the winding on the laminated core is 
practically eliminated. Coils wound 
on the tubes also can be automatically 
stacked much faster. The tubes are 
available in square and rectangular 
types from '% in. to 30 in. long, from 
0.450 in. to 25 in. inside perimeter. 
They are available in Kraft paper, fish 
paper, red rope, acetate, or any com- 
bination. They can be produced from 
stock arbors in over 2000 sizes, or in 
special sizes. Paramount Paper Tube 
Corp., 614 Lafayette St., Fort Wayne 
2, Ind. 


No. 18, Reader Inquiry Facility, page 227. 


MOLDED COMPOSITION 
POTENTIOMETERS 


Dual Type AB molded composition 
potentiometers consist of two units 
mounted in tandem and controlled by 
the rotation of one shaft. These 2-watt 
potentiometers are designed for in- 
dustrial, laboratory, and _ electronic 
and other applications. The resistance 
element is a thick, solid-molded ring, 
heat-treated under pressure. The new 
dual units have a 2-in. long, round 
shaft, and independent electrical con- 
nections. Said to be noise-free, po- 
tentiometers are available in the lin- 
ear curve type. Seven resistance val- 
ues are available, ranging from 10,000 
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TAYLOR Bone Grade Vulcanized Fibre 


is an extremely tough and dense grade of vulcanized fibre. 
It is excellent for applications where difficult machining 
operations are required . . . resistant to organic solvents, oils 
and gasoline . .. has excellent electrical characteristics. 


Want to make something of it? 


Make it into gears, cams, fairleads, bushings and grommets, 
slot wedges, threaded and tapped pieces, rail joint insulation and 
other applications where mechanical strength, good finish 

and intricate machining are required. Color: gray. 


Make it from sheets or rolls with these specifications: 


SPECIFICATIONS 


Thickness range . . . 1/32” to 1/2” Roll width . 56” for thicknesses of 
Finish . . . Pressed and calendered 1/32” through .060”. 


Punching . . Up to 3/16” thickness Coils down to7/32” for 
Sheet size . . . Approx. 56” x 90” thicknesses of 1/32” 
through .090”. 


PROPERTIES 
Mechanical 





Flexural Strength, psi 
(Lengthwise) 14000 min. 


(Crosswise) 12000 min. 


Tensile Strength, psi 


(Lengthwise) 7500 min. 


(Crosswise) 5500 min. 
Compressive Strength, psi 


Izod Impact Strength, Ft.-Lbs./inch 
(Lengthwise) 3.0 
(Crosswise) 2.4 


Electrical 


Dielectric Strength, VPM 
(1/32”) 250 min. 
Short Time Test (1/8”) 175 min. 


(Flatwise) 30000 min. Arc Resistance, seconds 100 





Make it from turned rods. Diameters from 1/8” through 
1/2” with ground or buffed finish. 


Make it easy for yourself the next time you are looking for an 
extremely dense, abrasion resistant material. Call your Taylor 
Engineer . . . he will be glad to work with you. . . go over your 
requirements . . . and help you select the correct grade of 
Taylor Vulcanized Fibre to fit your needs— Bone, Commercial, 
Super White, Abrasive and Built Up. Ask him about Taylor 
Laminated Plastics, too. He will be glad to give you samples of 
Phenol, Melamine and Silicone Laminates for your inspection. 


Taylor Fibre Co., Norristown, Pennsylvania—La Verne, California 


TAYLOR 


Laminated Plastics 
Vulcanized Fibre 
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FLECTRO 
DYNAMIC 


INDUSTRIAL MOTORS 












































WINDING 
is the HEART 
of the 
motor 


Every Electro Dynamic motor is built with 
EXTRA INSULATION in stator slots and between phases 
EXTRA IMPREGNATIONS and bakings of the 
wound stator 
EXTRA HIGH-FREQUENCY TESTING 
of insulation between turns 


From 1 to 250 Horsepower (N.E.M. A. STANDARDS) 


WRITE TODAY FOR 
CATALOGUE 
NO. 566 


One-piece Extra large 
cast iron *‘free-flo’’ air 
frames. channels. 


eeeeeeeeeeeeeee eeeeeeveeveeeeee & 
Liberal size 

grease lubri- 

cated bearings. 


Permanently 
aligned cast 
iron brackets. 





Also a complete line of Direct Current motors and generators 


ELECTRO @ DYNAMIC 


DIVISION OF GENERAL DYNAMICS CORPORATION 
BAYONNE, NEW JERSEY 
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ohms to 1.0 megohm. Ohmite Manu- 
facturing Co., 4897 Flournoy St., Chi- 
cago. 

Circle No. 19, Reader 


GRIP RING FOR 
SMALL SHAFTS 


Newest addition to a line of retain‘ng 
rings is a fastener that provides a 
positive shoulder secure against thrust 
and vibration. Designated  Truarc 
Grip Ring Series 5555, the retaine: 
can be assembled and disassembled in 





either direction on a_ straight, un- 
grooved shaft with Truarc pliers. 
Basic design principle of complete cir- 
cularity around the periphery of the 
shaft, and the ring’s unusually large 
radial width, combine to exert con- 
siderable frictional hold against axial 
displacement. Ring can be used effec- 
tively as a means of taking up end- 
play by installing it tightly against 
the machine part as shown in illustra- 
tion. Rings are available for shaft 
diameters of %, %46, ¥%, %4e6 and %s in. 
Waldes Kohinoor, Inc., 47-16 Austel 
Pl., Long Island City 1, N. Y. 


Circle No. 20, Reader Inquiry Facility, 1 227 


WIREWOUND RESISTORS 


Precision resistors, Type G, by utiliz- 
ing the heat-resistant properties ot 
fibrous-glass insulated wire are said to 
have wattage ratings 5 to 10 times 
over those of other wirewound re- 
sistors of the same dimensions. For 
example, the new Type G-196E will 
dissipate 8 watts in comparison with 
the l-watt rating of the company’s 
standard Type 196 resistor. After 
winding with the special glass-insu- 
lated, low temperature coefficient 
wire, the resistors are silicone-impreg- 
nated for high-temperature operation. 
This permits “G” resistors to be con- 
servatively rated for a 150 C tempera- 
ture rise above an ambient of 25 C. 
Applications of the resistors include 
use_in industrial and military equip- 
ment operating at high temperatures. 
as well as for applications requiring 
non-inductive precision power re- 
sitors. They are available in all stand- 
ard bobbin sizes and with wattage 
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Obvious choice 
in the power supply 

of Ward Leonard’s 
revolutionary Chromaster 
| 

























Rectifier 
Model H1C2N2B 








SELENIUM RECTIFIERS 


Ward Leonard Electric Co.’s compact new 





| unit for industrial chrome plating of cutting 
ra tools, gauges, etc., within the shop is a 
: | miniature powerhouse. It embodies all the 
e a necessary electric controls, and power in DC 
-_ form is delivered across the bath by a full 
wave, metallic selenium rectifier. 





Chromaster Model A-20 


LOC ORION octet. ete 8 2 


Because Chromaster’s performance de- 


pends on component quality, rectifier choice investigate SELETRON. Available in a large 
of Ward Leonard engineers is SELETRON — range of sizes for radio, TV and industrial 
famous for ruggedness and dependability... electronic circuits from a few mils up to 
‘ | for its ‘Safe Center’ contact construction thousands of amps. 
ee and decreased bulk . . . for its high standard 


SELETRON application engineers will be 


a of quality control. glad to assist you in selection of the right 
or | Wherever rectification is the key to your rectifier for that job on the board. Drop us 
il | new or established products, it will pay to a line today! 


A SELETRON Selenium Rectifier, Model H1C2N2B Full 
Wave Center Tap, helps Ward Leonard’s A-20 Chromaster 


maintain accurate chrome deposits from .00005” to several 
thousandths. 








es. | Seletron © RADIO RECEPTOR COMPANY, INC. 
ng and Germanium 
re- Division L RP Since 1922 in Radio and Electronics 


" Sales Dept.: 251 W. 19th St., New York 11, N.Y. * Factory: 84 N. 9th St., Brooklyn 11, N. Y. 
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MISSIONS To eliminate the needless waste of 
manpower, machines, and technical skill in the 
modification of servo components. 


In applying servo systems to their opera- 
tions, many engineers are restricted by “‘stock’”’ 
components. They either sacrifice efficiency 
by building systems around the components 
available, or waste manpower, machines, and 
skill in modifying units to make them useable. 


It is the mission of the Transicoil Corpora- 
tion to provide precision components for each 
particular servo application . . . ready for im- 
mediate application . . . with all the accuracy 
and efficiency for which they are designed. 


REFERENCE: Technical 
upon request to... 


bulletins available 


TRANSICO! 


CORPORATION 


Gs 


Miniature 
Control Motors 


107 GRAND STREET 
NEW YORK 13, N.Y. 





Motor and Gear 


Motor, Generator, and Servo 
Train Assemblies 


Gear Train Amplifiers 
Combinations 








ratings from 1 to 20 watts. Shall- 
cross Mfg. Co., 10 Jackson Ave., Col- 
lingdale, Pa. 

Circle No. 21, Reader Inquiry Facility, page 227. 


MIDGET UTILITY PUMP 


Model MU midget centrifugal pump 
has been developed for handling liq- 
uids where capacity requirements 
range from 0 to 6 gals per min from 
free flow to 6 ft of head. Intended 
for continuous or intermittent opera- 
tion, the pump is directly connected 
to the motor. Its characteristics make 
it useful for liquid circulation in 
agitation tanks, laboratory work, and 
other applications. Pump can be sup- 
plied in a wide variety of materials 
such as brass, stainless steel and 
Monel metal. Its dimensions are ap- 


ee 
i 





| proximately 5 in. in diam and it is 
9 in. in overall length. Weight is ap- 
proximately 5 Ib. A mounting base 
plate is provided on the motor hous- 
ing. Inlet pipe has % in. OD; outlet 
pipe has % in. OD. Detroit Harvester 
Co., Pioneer Pump Div., 19657 John 
R St., Detroit 3, Michigan. 
Circle No. 22, Reader Inquiry Facility, page 227. 


NON-CORROSIVE ROSIN 
CORE SOLDER 


Active, but non-corrosive new rosin 
core solder, is known as RTS 200. 
Tests are said to show that the spread 
of the solder is 30 per cent greater 
than that of most rosin core solders. 
Oxide films and corrosion products on 
the parts being soldered need not slow 
down operations, because solder is 
claimed to pierce such retarding agents 
four times faster than ordinary solders 
In spite of the activity of RTS 200 
flux at soldering temperature, there 
is no harmful corrosion residue when 
tested under the humidity require- 
ments of military specification MIL- 
S-6872. Flux in the new solder is said 
to be as active after standing for long 
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Bronze Extrusion makes a stronger, case 
for this industrial glass thermometer 


’ 


The case for this “American” Industrial Glass Thermometer made by 
; Manning, Maxwell & Moore, Incorporated, Stratford, Conn., used to be a 
steel stamping. Now it’s made of ANaconpA Extruded Bronze. 


dyeevtevyebreeeb og 


Why the change? Because this extruded bronze shape makes a far stronger 
and more rigid case; it’s easier to produce; it simplifies assembly— 

.and adds additional quality to an already high-quality product. 
So accurate are these bronze extrusions that neither straightening nor 
machining is needed for assembly. And assembly time itself is cut. 


Srveastevsebetrstaseetecss hevedt espebe rss terer’ 


; For the base, an ANACONDA Brass Die Pressed Forging is joined to the 

e case by brazing to provide greater joint strength. By machining 

. the appropriate face of a single-style base forging, a stem connection Nip 

t can be provided at any angle. I 

: | AnaconDA Brass and Bronze have long been making a stronger “case” — 
for products—by simplifying production; by the higher quality that is always 702 


.. associated with products made of brass or bronze; by increasing 
sales appeal. We urge you to consider the advantages of these metals 
for your manufacturing processes and your products. For information, 
| write to The American Brass Company, Waterbury 20, Connecticut. 


In Canada: Anaconda American Brass Ltd., New Toronto, Ontario. 5887 
in | 
0. 
aa 
 o 


on 





Base forging can be machined to provide 
stem connection at any angle and direction. 





Extruded case and forged base for this 9-in. 
“‘American” Thermometer are joined in per- 
fect alignment by brazing. No machining 
or straightening is required. 


, ® 
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TRANSFORMERS 
SATURABLE ee 5 nie 
REACTORS = / Specialists in SMALL quantities 


ELECTRONIC 
DEVICES 


of custom built transformers 


from milliwatts 
to 50 KVA, single 
or polyphase— 
designed and 
manufactured to 
best meet your 
exact requirements. 


\Taaa ee Wae laee 
1901 CLYBOURN AVENUE «¢ CHICAGO 14, ILLINOIS 


yatvar's New 


» Baby B| ( 


SOLENOID PILOT 
Air Control VALVE 


SMALL ONLY IN SIZE, 
|) LARGE EVERY OTHER WAY! 


Over 20,000,000 cycles 
of life may be confident- 
ly expected. We believe 
gree e this valve to be the most 
rugged ever offered in 
its class. Valvair’s method of sealing prevents wear on seats. 
Models include 2-way and 3-way either normally open or 
normally closed. Orifice sizes: 1/16", 3/32", 1/8"; 1/4” 
pipe tap. Maximum current consumption — 10 watts. For 
air, water, vacuum, oil or inert gases. 





Get new Bulletin ""MM-S”’. 


VALVAIR CORPORATION . Affiliate: Sinclair-Collins Valve Co. 
REPRESENTATIVES IN PRINCIPAL CITIES 
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| periods as when used immediately, 
| RTS 200 is available in a wide variety 
| of wire sizes, compositions and quanti- 
| ties. Federated Metals Div., American 
| Smelting and Refining Co., 120 Broad- 
way, New York. 
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VIBRATION ISOLATOR 


Designed to eliminate loss ot effi- 


ciency due to damper packing, two 
new All-Metl vibration _ isolators, 
Type 7630 and Type 7640, are JAN 
cup-type Size 1 and JAN cup-type 





| Size 2, respectively. While other wire- 


mesh unit vibration isolators are said 
to exhibit a loss of damping efficiency 
after a period in actual service, be- 
cause the wire-mesh damper tended to 
pack, the new units are so designed 
that the load-bearing spring returns 
the damper to its normal position on 
every cvcle, thus preventing packing 





and removing the difficulty. Addition- 
al features are light weight, a new 
hex top to simplify installation, high 
isolation efficiency, ruggedized con- 
struction, and wide temperature tol- 
erance. The Barry Corp., 708 Pleasant 
St., Watertown 72, Mass. 

rcle No. 24, Reader Inquiry Facility, page 227 


STABILIZED QUARTZ 
CRYSTALS 


Two new hermetically sealed crystals 
with a varied range of low frequencies 
and flexible characteristics are now 
available for electronic applications. 
Both are wire-mounted in a 6V6GT 
envelope with an octal base. They are 
available with gold or silver plated 
crystals. The G-9] has a frequency 
range from 1.2 to 10 ke. It has a 
frequency tolerance of +0.03 per 
cent at —40 to 70 C, and a capacity 
ratio of approximately 200. Model 
G-9, with a frequency range of 5 to 
200 ke, has a frequency tolerance of 
+0.02 per cent or better at —40 to 
70 C. The capacity ratio ranges from 
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Used with CONFIDENCE by 
AMERICAN INDUSTRY 


AMPHENOL COAXIAL CABLES set the 
standard for quality in a field where 
dependable performance is a “must”. 
Complete RG-/U cables with flexible 
low moisture absorbing polyethylene 
dielectrics plus Teflon dielectric cables 
for high temperature applications. 


AMPHENOL UG-/U RF Connectors 
match the efficiency of AMPHENOL 
Cables—provide excellent impedance 
match with low RF loss. Available in 
Types BNC, BN, N, HN, C, LC, Push- 


On and UHF 83 Series. 


AMPHENOL “AN’”’ CONNECTORS are 
manufactured in strict adherence to 
MIL-C-5015 specification. Long recog- 
nized as the leader in quality “AN” 
Connectors, AMPHENOL offers the 
widest selection available from any 


single source. 


For complete information on AMPHENOL 
RF Connectors and Coaxial Cables, 
request Catalog D-2. For “AN” listings 
and descriptions, request Catalog A-2. 


Back up good circuit design 
with AMPHENOL components 


The over 9,000 cataloged items manu- 
factured by AMPHENOL are meant to 
answer every type of application prob- 
lem. If your problem is so new or un- 
usual that none of the general types 


listed below meet your requirements, 
then consult with AMPHENOL Engineers 


for the special component you need. 


RACK & PANEL TYPE CONNECTORS 
AN TYPE CONNECTORS 

RF TYPE CONNECTORS 

AUDIO CONNECTORS 


POWER PLUGS 
BLUE RIBBON CONNECTORS 


INDUSTRIAL SOCKETS 


MINIATURE SOCKETS 
TUBE SOCKETS & RADIO COMPONENTS 


MICROPHONE CONNECTORS 
RG COAXIAL CABLES, TEFLON & POLYETHYLENE 


CABLE & WIRE ASSEMBLIES 
PLASTICS—EXTRUDED & INJECTION MOLDED 


i 
— hi 


Write today for your copy of General Catalog B-2. 
AMERICAN PHENOLIC CORPORATION 


—— a 


at chicago 50, illinois 
























DIALCO 


for YOUR — 
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THE BIG ONE 


‘This Pilot Light Assembly was first 
‘made to accommodate the S-11 lamp and 
‘was intended for use in the cabs of great 
diesel locomotives. 


THE LITTLE ONE 


The miniaturization program on defense 
products required the development of this 
sub-miniature light. It is used on communication 
equipment and aircraft. Midget flanged base 
bulbs to fit are rated 1.3, 6, 12, and 28 volts. 


1 ACTUAL SIZE 
Cot. #613529-211 

















My ACTUAL size 


Cot. #8-1930-621 


Dialco HAS THE COMPLETE LINE 
of INDICATOR and PANEL LIGHTS 


bi. to suit your own special conditions 
WM. and requirements will be sent promptly 
ar and without cost. Just outline your 
needs. Let our engineering department a 
assist in selecting the right lamp 
and the best pilot light for YOU. 


Write for the Dialco 
HANDBOOK of PILOT LIGHTS 





Foremost Manufacturer of Pilot Lights 


DIALIGHT CORPORATION 


60 STEWART AVENUE, BROOKLYN 37, N. Y. HYACINTH 7-7600 
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approximately 1000 to 2090. Either 
of the above models is available with- 
in a varied range of frequenceis and 


| characteristics. James Knights Co., 
| Sandwich, Il. 
e No. 25, Reader Inquiry Facility, page 227. 


TELEPHONE-TYPE RELAYS 


| Model 6QA relay is said to equal the 
| performance of many larger telephone 


type relays, although it measures only 
2% in. in length, 1% in. in width. 
(Overall height will vary in accord- 
ance with spring pile-up combinations 
used.) The relay provides a_ large 
cubic area for winding (maximum 
20,000 ohm coil) and its construction 


makes possible mounting and wiring 


from under the chassis. It is available 


| with 18 gage palladium contacts rated 





at 3 amp, but can be provided with 
other types of contacts for rating up 
to 6 amp, non-inductive. The 6QA 
relay is also available with a plug-in 


| adaptation for use in panel and an- 





nunciator — racks. Control 


Phillips 


| Corp., 84 W. Jefferson St., Joliet, Il. 


Circle No. 26, Reader Inquiry Facility, page 227 


VARIABLE SPEED UNIT 
New 


units, known as_ Flexi-Speed 


| drives may be mounted in almost any 


position on the driven equipment, 
may drive in any direction, and can 
deliver any desired speed within a 
ratio of 8 to 1. Added feature is that 
the driven shaft may be located any- 
where around the motor shaft, and 
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No wonder your shop squawks, these days, 
about every job that calls for skilled 


«twhere’ll I get the OPERATORS operators: 


for 12 reams per unit?’’ What can you do about it—without sac- 
rificing product quality? Well, you can 





se J specify oe 
COMPO" and "POWDIRON' bearings 


They need no reaming! A simple press fit sizes them to accurate as-installed 1.D. 


Most of the time, they do away with the need for oil holes 
and fittings. That cuts out drilling and tapping operations. 


Tell Production how these bearings speed up output. 
Tell Management how they reduce costs. 


Tell Sales how long they last, with little or no attention. 


OIL-LESS BEARING COMPANY 


You'll find all the facts you need on these oil-retaining bearings— 
Products of Bound Brook powder metallury—in our bulletins on advantages, 
application, installation, sizes. Just write for your copies. 

“COMPO” 


“POWDIRON™ 
“BOUND BROOK” 











Buy Bound Brook 





Bound Brook, N. J. Bound Brook 9-0441 
MANUFACTURERS OF BEARINGS AND PARTS © ESTABLISHED 1883 
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the speed control hand-wheel may be 
located parallel, or in any of eight 
positions perpendicular to, the motor 
shaft. Six different length belts offer 
a choice of shaft center distances, 
The drives are presently available in 








... Type mM” 
Three models... 450, 900 and 1800 CFM 


capacity . . . cleaned air can be vented to 
outside or returned to room. 


42. % and 1 hp capacities. They are 
adaptable to most industrial applica- 
tions, including those with in-line or 
right angle reducers, countershafts, 
chain and sprocket or V-belt drives. 


Reeves Pulley Co., Columbus, Ind. 
rcle No. 27, Reader Inquiry Facility, page 227 






































HIGH POWER RESISTOR 


Miniature 250-watt resistor is sealed 
against moisture with a special sili- 
cone treatment and finished in a die- 
cast black anodized radiator-finned 
housing for maximum heat dissipation. 
The resistance element is completely 
welded from bolt terminal to bolt 
terminal. Standard tolerance is 1 per 
cent, but tolerances as high as 0.5 
per cent can be furnished if neces- 


here’s the low cost solution... 


KIRK’ Alum unit dust collectors 


° ° | 
Where one or several dust-producing machines are operated | 4} 
| 







Si 


without a dust collecting system or are too remote from the 
existing collection system, here’s the efficient, trouble-free 
and low-cost solution. KIRK & BLUM Unit Dust Collectors 
are compact, easy to install or move, offer exceptional 


efficiency and capacity. : : ' 
cy and capacity sary. It is also available in 3 per cent 


and 5 per cent tolerances. Tempera- 
ture coefficient of the resistor is sub- 
stantially flat: resistance shift is less 
than 0.00002 per deg C. Miniature 
resistors are also available in 2, 5. 
and 10 watt sizes. Dale Products, Inc.. 
1306 28th Ave., Columbus, Nebraska. 


ircle No. 28, Reader Inquiry Facility, page 227 


Both types have many features not found in conventional units, 
employing rugged material-handling fans and motors from 34 
to 3 H.P. They are specifically designed for trouble-free 
operation, easy cleaning and complete dependability. 


For complete details, request literature on metal or 
woodworking types from The KIRK & BLUM MFG. CO., 
3122 Forrer Street, Cincinnati 9, Ohio 


. el 


PENTODE AMPLIFIER 
Sharp cut-off pentode amplifier is de- 
| 


... Type rw” 


Single model. . . 900 CFM capacity... 
ample for one 6", two 4” or four 3” pipe 
connections. 


signed particularly for use in electronic 
computers. The tube, Type 6145, is 
suitable for applications where long 
life under cut-off conditions, low 
supply voltage and high plate current 
at zero bias are required. Design also 
provides unusually low interelectrode 
capacitances. Characteristics of the 
6145 include: filament, 6.3 volts; fila- 
ment current, 0.6 amp; plate, 150.0 
volts max; and_ transconductance, 








' FOR CLEAN AIR .. . THE INVISIBLE TOOL 


KIRK’ Lum 


DUST CONTROL 
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’ : SS The Finished Product is Good 
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7 a only as its parts are good. 

d : _ For the best, specify and use 
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‘| ram CLEVELITE* 

“ ie Bs Ae 

5 Lis aN Ss ‘i . e 

‘ VA : laminated phenolic tubing. 

Clevelite Tubing advantages include moisture resist- 

ance, dimensional stability, high dielectric strength 
. . . qualities that ensure dependable performance 
and uniformity, with close tolerances. 
Clevelite Torkrite, internally threaded and embossed 
tubing, is especially made to eliminate torque and 
stripping problems. 

: = Ca. > Our Research and Engineering Laboratory is at your 

i ' service. 

; . Remember! For the best, CALL CLEVELAND! 

e B77 ® Reg. U. S. Pat. Off. 

5. 

a. 

| B Ee} (UeCLEVELAND CONTAINERG! 

s SS aS e= 6201 BARBERTON AVE. CLEVELAND 2,OHIO 

g “ : == PLANTS AND SALES OFFICES at Plymouth, Wisc, Chicago, Detroit, Ogdensburg, N.Y., Jomesburg, N.J. f° 

NV" th ABRASIVE DIVISION at Cleveland, Ohio 

it = CANADIAN PLANT: The Cleveland Contoiner, Canada, Ltd. Prescott, Ontorlo 

: cao! REPRESENTATIVES 

e ‘ Bs . a ee MYM dai A NEW YORK AREA R. T. MURRAY, 604 CENTRAL AVE, EAST ORANGE, WN. 2. 

t- Z A \\ AC Tf 7 NEW ENGLAND R. S. PETTIGREW & CO, 62 LA SALLE RD., WEST HARTFORD, CONN. [> 

0 BW Ce e CHICAGO AREA PLASTIC TUBING SALES, 5215 N. ZAVENSWOOD AVE, CHICAGO [. 
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Largest assortment of sizes and 
mounting styles to match equipment 
requirements 


MECHANICALLY 






Widest range of types 
exacting circuit requis 


STRUTHERS-DUNN, INC 


STRUTHERS-DUNN 


STRUTHERS-DUNN, INC., 150 N. 13th ST., PHILADELPHIA 7, PA. 


BALTIMORE + BOSTON * BUFFALO + CHARLOTTE + CHICAGO © CINCINNATI 
CLEVELAND + DALLAS + DETROIT * KANSAS CITY + LOS ANGELES 
MINNEAPOLIS + MONTREAL »* NEW ORLEANS * NEW YORK © PITTSBURGH 
ST. LOUIS * SAN FRANCISCO + SEATTLE * SYRACUSE * TORONTO 















10,000.0 microhms. Sylvania Electric 
Products Inc., Radio Tube Div., 1740 
Broadway, New York 19. 

Circle No. 29, Reader Inquir 


Facility, page 227. 


OVERLOAD RELEASE CLUTCH 
Overload release clutch can be easily 
installed on sprocket, chain, belt and 
gear drives. The safety device has in- 
stantaneous trigger action and is de- 
signed to allow machines to resume 
operation at the exact cycle point of 
release. The clutch, it is claimed, will 


(HID 


work consistently within very close 
limits. In addition, it is premanently 
lubricated, and contains no parts that 
can wear out. Clutch can be used over 
a wide range of speeds and shaft sizes. 
Overload Release Clutch Co., Inc., 
1162 Stuyvesant Ave., Irvington, N.J. 
Circle No. 30, Reader 227 


Facility, page 227. 





SMALL ELAPSED TIME 
INDICATOR 


Designed for installation where panel 
space is limited, Type HM2-ET meter 
meets standard 2% in JAN dimen- 
sional specifications for panel mount- 
ing and yet has a standard size coun- 
ter. Hermetically sealed, the tamper- 
proof indicator motor will start and 
operate continuously at temperatures 
ranging from —55 to 85 C. It can 
register in 1/10-hr steps to 9999.9, 
or in hour steps to 99999. Indicator 
has a self-starting synchronous motor 
designed for either 110-125 or 220- 
250 volts, 50-60 cycle operation. The 
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of the old schedule. 


See how it’s done—all so easily—with Kodagraph 
Repro-Negative Paper .. . another versatile photo- 
graphic material in the famous Kodagraph line. 





A basic drawing —which must be re- 
vised to meet the customer’s specifica- 
tions—is exposed on Repro-Negative 
Paper in a standard print-making ma- 
chine; then the print is processed in 
standard photographic solutions. An 
| easy room light operation that produces 
a negative photographic intermediate 
from the original drawing. 
a positive print. 


Simple 1-2-3 operation beats the 
five o'clock deadline 


At the Symington-Gould Corporation, Depew, 
N. Y., extensive revisions are made on drawings of 
railway specialty equipment...and prints are ready 
for mailing to customers—hours, even days, ahead 


The draftsman obliterates the unwanted 
detail on the Kodagraph Repro-Negative 
print by simply applying opaquing ink. 
The way Symington-Gould figures it, 
when large areas must be revised . . . or 
many small scattered changes must be 
made, this is easier, faster than altering 





A positive Repro-Negative print is 
made from the corrected negative... 
on this the draftsman adds the new 
design ... and a master is ready to 
produce the required number of prints. 
Ready in a fraction of the time required 
previously when the unchanged design 
was retraced in full. 


| These Kodagraph Materials also save Symington-Gould time and dollars 


@ Kodagraph Autopositive Paper is used to reclaim 
old, soiled drawings; to produce intermediates from 
customer-drawings on opaque stock. 
| @ Kodagraph Contact Cloth is used to reproduce 
corrected negative prints when durable, inklike 
cloth intermediates are desired. 


@ Kodagraph Autopositive Cloth is used to reproduce 
new pencil drawings directly, which helps elimi- 
nate costly ink tracing. 

NOTE: Kodagraph Autopositive Paper and Cloth are 
processed in the same easy manner as Repro-Negative 
Paper, but produce positives directly from the originals. 


Kedagraph Materials 


| "THE BIG NEW PLUS” in engineering drawing reproduction. 


Get the full story on the 
sensational Kodagraph 
line; learn how you, or your 
local blueprinter, can proc- 
) ess these materials at sur- 
Prisingly low cost. Write 
today for a free copy of 






Name 






geedern Drawing and Company 
ocument Reproduction. Street 
City 


MAIL COUPON FOR FREE BOOKLET 
EASTMAN KODAK COMPANY 
Industrial Photographic Division, Rochester 4, New York 


Gentlemen: Please send me a free copy of your illustrated booklet, 
“Modern Drawing and Document Reproduction.” 
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Zone State 
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drawn steel case provides magnetic 
shielding. Applications include use in 
machine and equipment maintenance 
programming. Marion Electrical In- 
strument Co., 404 Canal St., Man- 
chester, N.H. 

rcle No. 31, Reader ry Facility 227 


RHEOSTATS 

In addition to the recently announced 
H-50 rheostat, three new higher watt- 
age models are now in production. 
These are the H-150 (150 watts), the 
H-100 (100 watts), and the H-75 (75 
watts). Features of the UL-listed 
rheostats include: buss bar brush con- 
struction; atfording minimum resist- 


...CUT COSTS —SPEED PRODUCTION 


De-Sta-Co’s Multi-Stampings are small intricate precision parts 
produced from coil stock at a single machine stroke . . . Full automatic 
operation assures maximum uniform production with a minimum of 
labor (a big item where large scale production is involved). 


ee 
—— 


Such operations as piercing, forming, swaging, embossing, twisting, 
curling and reforming from coiled stock are completely finished. This 
is especially advantageous where forming around a mandrel is required. 
Typical parts, economically produced are: clips, contacts, bearings, 
terminals, connectors, rotors and tubular shaped parts of light stock. 





ance to collector ring; contact arm 
tension automatically adjusting for 
continuous pressure over winding sur- 
face; greater safety factor due to new 
high temperature enamel; and higher 


Other equipment enables us to handle material up to #8” on press 
beds 49” x 72” at pressures of 250 tons. Drawing 4’ deep—Coining to 
400 tons. Special valves, shims and other exacting work are economically 
produced to rigid specifications. 


Modern material control methods are utilized to cut costs and main- terminal strength with strong corrosion \ 
tain efficient, low-cost volume production. resistant alloy. In addition there are 
a minimum number of parts in the 
We invite your inquiry for quotations on parts to your specifica- new trouble-free design. Rheostats 
tions. Write for a copy of our new Multi-Stamping Brochure are designed to comply with JAN-R- 
which illustrates our plant facilities in detail. 22, RTMA and NEMA specifications. 
Hardwick, Hindle, Inc., 49 Hermon 
tik be Me seek IRES L ESTOS, sesteneeres a tn attest eee. met se Fane he , “hiict SAmtbied phen peed! wee . Jewark 5 T 
bs 9a CoA Pts i a. SEG) Gal Mit DEM 8 ttt Bid eS Seeds 2 Oy Oe Tt , Newark d, N. J. . 
&. Oe oe <= en OT igs Ok, ak Ssh Hoyas Es 9A ~ Vee te i$ i cle No. 32, Reader Inquiry Facility ye 22 







DETROIT STAMPING COMPANY SMALL WORM DRIVE 


| 

| ASSEMBLY 

| Applications of right-angle worm drive | 
include use on textile and other in- 

| dustrial machinery where a worm 

| take-off drive is required. It is de- 

| signed to fit shafting from 8 in. to 


1 in. in diam, with no external pro- 
jection of the worm beyond the small 
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No. 108 machine 


makes 
coil winding 
more profitable 


Quick set-up and 
greafer accuracy 
LOWER COSTS 


wit EEL IL eee 


— nl 


F C24 
Leesona® No. 108 Coil Winder for high 
accuracy, top production and lowest costs in 
shops where change-overs are frequent. 
Takes long or short runs; easy to set up; no 
cams or gears to remove when making set- 
up changes; all controls are within eas" 
reach of the operator even when. seated. 












fuze Winning Design 


So simple, the operator can make set-up changes in a matter 
of minutes. So moderate in price you can easily replace older, 
less satisfactory equipment and soon see savings write off your 
investment. 

This is the manual paper feed machine which won the 
“Electrical Manufacturing’? magazine’s design prize. Set-up 
time is reduced to a minimum by external controls and 
change-over from job to job is quick and easy. It winds wires 


from #20 to #44 (A.W.G). Coil lengths may be from '4”’ to 
354”’, with outside diameters up to 5”’ round or square. 

ACCURACY CONTROLLED, because leadscrew traverse and 
quick-reversing clutch give positive control of wire layer. In- 
dicators help operator time paper feeding accurately even at 
high speed. 

Send for Bulletin 108A and read all the good news about this 
flexible high production, low cost coil winder. 


UNIVERSAL WINDING COMPANY 


¥ 


is 


\ 








For winding coils in quantity 
accurately...automatically 
use Universal Winding Machines 


\ P. O. Box 1605, Providence I, R. I. 


Chicago office and Demonstration Room, 9 So. Clinton St., Chicago 6, Ill. 
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housing. The worm drive incorporates 
a locking ball drive so that the entire 
assembly can be placed on the shaft- 
| ing, closed in by bearings without dis- 
assembly or drilling of the shaft. 
| Alemite grease fitting makes for easy 
| lubrication. It is available in a re- 
duction ratio of one turn of the uni- 
versal joint to ten turns of the driving 
shaft. Durant Manufacturing Co., 

* Model 5120 provides direct reading of 1962 North Buffum St., Milwaukee 


elapsed time between any two events, in increments of one 1, Wis. 
microsecond, to a maximum of 1 second. Accuracy is + 1 circle No. 33, Reader Inquiry Facility, page 227 
microsecond, + crystal stability (3 parts in 106). It consists of a _ aa a 
a power supply, yt an aaa aa an electronic NYLON GEAR COUPLING 
gate with start-stop channels for external control, and six cas- New junior gear-type coupling has two 
caded BERKELEY decimal counting units. The first event externally geared hubs enclosed in 
“pulse” opens gate, passing 1 megacycle time base signal to “i er, — ~— _ yer 
counting units. Second event “‘pulse’’ closes gate; elapsed time ee a wba ee a be ape Bes, 
—— oe ake any jue developed by a stand- 
is displayed in microseconds. Input pulses may be either polar- ard carbon steel %4-in. shaft. Coupling 
ity; attenuators permit selection of optimum amplitude. Stand- ; 
ard modifications are available to supply marker pulses from 
slowly changing wave forms to actuate start-stop channels, to 
extend range and accuracy by factor of 10, to extend total range 
to 1,000,000 seconds, or to permit use as an electronic counter. 
‘ ~ Simplicity of operation and ease of reading 
make the Model 5120 ideal for both production line and laboratory 
use for relay and switch timing, accurate measurements of viscosity, 
elasticity, low frequencies, rates of motion, timing of photographic 
components, duration of light flashes, and many other applications. 





RANGE: 3 microseconds to 1 second er lubri . Se 1s | 
ACCURACY: + 1 microsecond, + crystal stability (3 parts in 10°), | requires no lubrication and withstanc 
POWER REQUIREMENTS: 117 v. (+ 10%), 50-60 cycles, 175 watts, | corrosion. Weight is 2% oz. John 


INPUT SIGNALS: | Waldron Corp., P.O. Box 791, New | 


START-STOP CHANNELS: Min. signal 5 v. peak; min. rate ae Se ae, 
of change 0 v., either ssteiiay. , Brunswick, N.J. 

PHOTO CHANNEL: 50 mv. peak sensitivity, direct coupled. Circle No. 34, Reader Inquiry Facility, page 227. | 
1, 10 and 100 attenuation range. 

COUNTER INPUT: 1 v. peak sensitivity. 


' WTLFP “a 
ACCESSORY SOCKET: Ground; 6.3 v. a.c., 2 a.; 250 v., 20 ma; MULTI-FLANGE COIL 
+ 100 v., 10 ma; — 105 v., 5 ma. external reset. BOBBINS 
DIMENSIONS, NET WT.: 2034” wide x 19” high x 15” deep; 110 Ibs. S 


PRICE (F.0.B. RICHMOND): Model 5120, $995. 





Multi-flange coil bobbins for r-f coils, | 
push-pull solenoids, switching, timing 
and reversing circuits, and other uses, 
are now available in any size, shape, 
ID or OD. Spirally wound under 
pressure, the bobbins are subjected 
Re to rigid tolerance control to insure 
ae a eae I RE ORR Bc pote og ope y | adherence to specifications and maxi- 
CORLL of BECKMAN INSTRUMENTS INC. | mum winding sa Cores are made 
_ Ko dhsdaditclhdheialieahehtaeteellicltihe ahha Aihterhclinctaieha | from Kraft or fish paper, acetate; or 
“(DIRECT READING DIGITAL PRESENTATION OF INFORMATION’”’ | from combinations. Bobbins are said 


M-10 For complete information, please request Bulletin 505 
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If your problem in 


Custom Molded 
Rubber Parts 


© is extreme temperature, or atmospheric 
conditions 


® or is service with special fuels 
and lubricants 


® or is service with acids and greases 


® or is exacting tolerance 
specifications 


CALL THE PARKER 


RUBBER ENGINEER —c\\ 


Meeting your requirements for molded rubber parts is 
a PARKER specialty. Answering your problems is a 


challenge to the PARKER Rubber Engineer. 


If rubber parts must give long and trouble-free service 
under very difficult operating conditions, PARKER’s 
research and experience may hold the moneysaving 
answer for you—as it has for many PARKER customers 


in automotive, electrical equipment and other industries. 


EXCLUSIVE NEW TECHNIQUES— Newly perfected high- 




















FOR EXAMPLE: 


This RADAR SCREENER PAD, (approx. 134“ 
long), molded from a fuel-resistant com- 
pound, presented an intricate molding prob- 
lem because of the difficulty of removing 
the part from the mold. 


This GRAIN SPACER (approx. 6” in dia.), a 
typical spacer gasket, which, through per- 
fection of new cost-saving methods and 
processes, can be produced in large volume 
in a relatively short time. 


ds This RADAR GROMMET (approx. 1%” 

hn | production processes and molding methods mean lower wide), involving a complicated molding 

wi cost and greater value in finest custom molded rubber problem, het which, oguin tanks te eowty 
“ ‘ r ‘ : erfected techniques, is handled to the cus- 

parts. Investigate this PARKER service; mail the ele eae 
1. tomer's complete satisfaction from both a 
| coupon today! time and price standpoint. 

" | PARKER Rubber Products Division 

ng | The PARKER Appliance Company 

a i 17325 Euclid Avenue, Cleveland 12, Ohio 

PS, = - 

e, } C "a a & og a a@ ‘\ 3 . (_] Please send information on Custom Molded Rubber Parts. 

> a ~*~ 

a! | * ¥ ie 4 s > z (_] Please have PARKER Rubber Engineer call on me. 

; 

- 2 INDIVIDUAL 

re 

. | RuBBER PRODUCTS DIVISION COMPANY 

de = ADDRESS. 

or THE PARKER APPLIANCE COMPANY CITY STATE 

id 17325 EUCLID AVENUE + CLEVELAND 12, OHIO 
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The new Super-Dome Passenger Cars of the Milwaukee Railroad are 
air conditioned to maintain comfortable temperature at all times. A 
20 ton capacity Trane Compressor and a 20 ton capacity Trane Con- 
denser in each car do this important job. Lord Mountings protect 
these Trane Units from vibration and shock and prevent transmission 
2 of the unit vibration to the car thus assuring passenger comfort. In 
= these ultra-modern cars the passengers enjoy the benefits of healthful, 
temperate air. This is another of the many examples of Lord ver- 
a\ satility in assisting designing engineers to solve difficult mounting 
Ye problems. You are invited to consult with us on the application of 

Lord Vibration and Shock Mountings and Bonded-Rubber parts to 
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BURBANK, CALIFORNIA 
233 South Third Street 


DALLAS, TEXAS 
413 Fidelity Union 
Life Building 


DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO 
7310 Woodward Ave. 280 Madison Avenue 520 N. Michigan Ave. Rm. 811. Hanna Bldg. 


LORD MANUFACTURING COMPANY ° ERIE, PA. 


Headquarters Ma | 
VIBRATION Con ROL 


PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
72S Widener Building 410 West First Street 
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to possess strength with light weight, 
as well as high insulation, heat dis- 
sipation and moisture resistant char- 
acteristics. The bobbins can be fitted 
with flanges to any specification: plain, 





slotted, punched or fitted with ter- 
minal leads—embossed or recessed to 
fit any type of mounting. Precision 
Paper Tube Co., 2051 W. Charleston 
St., Chicago 47. 

No. 35, Recder juiry f ty, page 227 


UNIT-BEARING MOTOR FANS 


Now in production is a new 
series of aluminum one-piece unit- 
bearing motor fans in three sizes: 
734, 834 and 10-in. diam. Designed 
especially for refrigeration and_ air 
conditioning appliances, the new prod- 
ucts are h:.nd-set to assure accurate 





forming and blade alignment. The 
fans are pierced for all unit-bearing 
motors. The Torrington Mfg. Co., 70 
Franklin St., Torrington, Conn. 

No. 36, Re } 


RELAY PACK 


Enclosed relay rack rigidly constructed 
of 16 gage cold rolled steel and fin- 
ished in black or gray wrinkle is now 
available. Panel mounting angles are 
of 12 gage steel and are tapped for 
%> universal spacings. Panels fit into 
a recess so that edges are not exposed. 
Rear doors are hung on loose-jointed 
hinges and have flush snap catches. 
The removable vertical corner mould- 
ings are rounded and cover the mount- 
ing screws. Racks are shipped knocked 


down with all necessary bolts for 
assembly. They are available in 3 
sizes: 43%x 22x18 in., with panel 
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Precise Accuracy + Maximum Versatility + Space-saving Compactness 


The potentiometers illustrated above are typical examples of the tough problems 
HELIPOT engineers are solving every day for modern electronic applications. If you have a problem 
calling for utmost precision in the design, construction and operation of potentiometer units — 
coupled with minimum space requirements and maximum adaptability to installation and operat- 
ing limitations—bring your problems to HELIPOT. Here you will find advanced “know-how,” 
coupled with manufacturing facilities unequaled in the industry! 

The HELIPOTS above—now in production for various military and industrial 
applications—include the following unique features... 


O This 10-turn HELIPOT combines highest 
electrical accuracies with extremes in mechan- 
ical precision. It features zero electrical and 
mechanical blacklash...a precision-supported 
shaft running on ball bearings at each end 
of the housing for low torque and long life 
...Materials selected for greatest possible 
stability under aging and temperature ex- 
tremes ... special mounting and coupling for 
“plug-in” convenience...mechanical and 
electrical rotation held to a tolerance of 4° 
... resistance and linearity accuracies, 1% 
and +0.025%, or better, respectively. 


© This four-gang assembly of Model F 
single-turn potentiometers has a special 
machined aluminum front end for servo-type 
panel mounting, with shaft supported by pre- 
cision ball bearings and having a splined and 
threaded front extension. Each of the four 
resistance elements contains 10 equi-spaced 
tap connections with terminals, and all parts 
are machined for greatest possible stability 
and accuracy. 


©) this standard Model A, 10-turn HELI- 
PoT has been modified to incorporate ball 
bearings on the shaft and a special flange (or 


ring-type) mounting surface in place of the 
customary threaded bushing. This HELIPOT 
also contains additional taps and terminals 
at the 14- and 934-turn positions. 


Q This standard Model B, 15-turn HELI- 
POT has a total of 40 special tap connections 
which are located in accordance with a 
schedule of positions required by the user to 
permit external resistance padding which 
changes the normally-linear resistance vs. 
rotation curve to one having predetermined 
non-linear characteristics. All taps are perma- 
nently spot-welded and short out only one or 
two turns on the resistance element—a unique 
HELIPOT feature! 


O this six-gang assembly of standard 
Model F single-turn potentiometers has the 
customary threaded bushing mountings, and 
has shaft extensions at each end. The two 
center potentiometers each have 19 equi- 
spaced, spot-welded tap connections brought 
out to terminals. Each tap shorts only two 
turns of .009” diameter wire on the resist- 
ance element. 


This Model B, 15-turn HELIPOT has 
been modified to incorporate, at the extreme 


ends of mechanical and electrical rotation, 
switches which control circuits entirely sepa- 
rate from the HELIPOT coil or its slider 
contact. 


O this 10-turn HELIPOT has many de- 
sign features similar to those described for 
unit No. 1, plus the following additional 
features ...a servo-type front end mounting 
... splined and threaded shaft extension ... 
and a center tap on the coil. All components 
are machined to the highest accuracy, with 
concentricities and alignments held in some 
places to a few ten-thousandths of an inch 
to conform to the precision of the mechanical 
systems in which this HELIPOT is used. 
Linearity accuracies frequently run as high 
as 0.010%! 


Q This single-turn Model G Potentiometer 
has been modified to incorporate a ball bear- 
ing shaft and a servo-type front end mount- 
ing. Special attention is given to contact de- 
signs and pressures to insure that starting 
torque does not exceed 0.2 inch-ounces under 
all conditions of temperature. 


ba 





Get full details from your nearest Helipot representative—or write for Data File 518 


H a| of Representatives in all major areas of the United States. Export agents: Frathom Co., 33 W. 42nd St., New York 36. 
p CORPORATION, SOUTH PASADENA, CALIFORNIA 
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for 
Consistent 
Highest 
Quality § : 
Rectifiers... “orcs 


the special refining process. 


ICKERS REFINES 
ITS OWN SELENIUM! 


PPM 200-1000 100-500 10 10 30-50 5 


Ca Te Hg 


Before Refining (ordi- 
nary grade selenium 
with over 1% impuri- 
ties) 


After Vickers Refining 
with impurities reduced 
to .001% 





cocooocooocococooococoo 
7 . C 
Dek 1 0.8 05 


A QUALITY CONTROL THAT MEANS MORE 
UNIFORM, DEPENDABLE PERFORMANCE FOR YOU! 


Selenium rectifier performance depends upon the purity of selenium 
used. Vickers Electric Division establishes complete quality control at 
the very beginning . . . with its own refining plant and testing labora- 
tories. Producing uniformly pure selenium for Vickers rectifiers is an 
important step in assuring more consistent performance character- 


istics, and stable, long-life rectifiers. 


more reasons why VICKERS 
makes a better rectifier: 


255 separate tests and inspections. 
® Automatic electroforming ‘‘pre-stresses’’ cells. 


®@ Precision-matched cells prevent overload-over- 
heating. 


®@ Hydraulic assembly assures mechanical strength 
and dimension. 


® Rectifiers shock and vibration tested to military 
specifications. 


Write for Bulletin 3000. Vickers engineering service is available without obligation. 


ICKERS ELECTRIC DIVISION 


VICKERS tne. 
A UnNtIt OF THE SPERRY CORPORATION 


1803 LOCUST STREET e SAINT LOUIS, MISSOURI 
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space of 36%4 x 19 in.; 67% x 22 x 18 
in. with panel space of 61% x 19 in; 
and 83% x 22 x 18 in., with panel 
space of 77x19 in. Premier Metal 
Products Co., 3160 Webster Ave., 
Bronx, N. Y. 

Circle No. 37, Reader Inquiry Facility, page 227. 
CONNECTOR KIT 

Varicon kit contains all parts needed 
in assembling miniature connectors for 
any number of circuits required. Vari- 
ations in arrangement of contacts also 
make possible construction of con- 


nectors with the same number of con- 
tacts, but with different polarity. Fea- 


— 


ee 


filo 
VARICon 


Your o 
we 
SOumicroes 





tures of the new connector system are: 
identical male and female compo- 
nents; only four basic parts; high cur- 
rent and voltage rating; and low re- 
sistance and low capacitance. Avail- 
able in general-purpose, black phe- 
nolic; low-loss mica phenolic; general- 
purpose phenolic in colors, etc. Kits 
come complete with detailed instruc- 
tions for assembly and are housed 
in a plastic box. Elco Corp., 190 W. 
Glenwood Ave., Philadelphia 40. 

Circle No. 38, Reader Inquiry Facility, page 227. 


POWER BENDER 


Hydraulically operated bending ma- 


' chines have been redesigned to more 
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Che Steak Yar 
A START FOR THE FUTURE 





HEAD. Forged for maximum phys- 
ical strength. Diameter and 
height are precision controlled 
—any deviation could be serious. 


KNURLS. Originated by SPS to 
provide easier handling and 
faster assembly by oily fingers. 
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SOCKET. Uniform depth and size 
assure strength and maximum 
torque in wrenching — extremely 
important in a socket cap screw. 





FILLET. Completely formed to 
provide maximum resistance to 
shear and continuous grain flow 
throughout length of screw. 


There’s much more to an Unprako than meets the eye 


\ When you pick up a socket cap screw, you don’t stop to 
examine it—it’s so commonplace. 


If you did, and it’s an UNBRAKO, you’d marvel at the knurled 
head, the uniform hex socket, the smooth shank, the pre- 
cision threads, all combined to make a strong, close toler- 
ance fastener. 





' ' ' 
A 


F Quality control—from the selected alloy steels to the finished THREADS. Fully formed to main- 
; product—makes an UNBRAKO Socket Cap Screw what it is, Se ate ae 
. = the finest you can buy. Write for UNBRAKOo Standards. SPS, 3 fit. Controlled fillet at root of 
1] j Box 9, Jenkintown, Pa. threads gives added tensile and 


fatigue strength. 
Stocked and sold by leading industrial distributors everywhere 


UNBRAKO SOCKET SCREW DIVISION $ 
.- 
® 


JENKINTOWN 





PENNSYLVANIA 
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oe. Of a NEW 
wire-mesh isolator 
that won’t change 
on the job! 





The new Type 7630 and Type 7640 ALL-METL Barrymounts 
have been specifically designed to eliminate loss of efficiency due to 
damper packing. Previous wire-mesh unit vibration isolators ex- 
hibited a definite loss of damping efficiency after a period in actual 
service, because the wire-mesh damper tended to pack. These new 
unit Barrymounts have eliminated this difficulty, because load-bearing 
spring returns damper to normal position on every cycle. 


@ Very light weight — helps you reduce the weight of 
mounted equipment. 

@ Hex top — simplifies your installation problems. 

@ High isolation efficiency — meets latest government 
specifications (JAN-C-172A, etc.) — gives your equip- 
ment maximum protection. 

@ Ruggedized — to meet the shock-test requirements of 
military specifications. 

@ Operates over a wide range of temperatures — ideal for 
guided-missile or jet installations. 


Compare these unit isolators with any others — by making 
your own tests, or on the basis of full details contained in Barry 
Product Bulletin 531. Your free copy will be mailed on request. 


Free samples for your prototypes are available through your 
nearest Barry representative. 


y ; THE & ARR y corp. 


708 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 
ay SALES REPRESENTATIVES IN 
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| evenly distribute the stress and strair, 





developed during bending, as well as 
to keep mechanical distortion to a 


'minimum. Changing the design of 


_the bending table from fabricated 


steel to a strongly-ribbed alloy casting 
provides greater strength during bend. 
ing and also allows the integration 
of the gear housing into the casting 


| assuring positive alignment at all 


times. Additional improvements jn- 
clude: addition of foot controls as 
well as hand controls; replacement of 
a 2-hp with a 3-hp motor; and use 





of % to 42 in. steel plate instead of 
sheet fabrication on the cabinet which 
results in improved rigidity. An all- 
purpose machine the Power Bender 
can be used for forming simple and 
complex bends in round stock, tubing, 
angle, channel, moulding, strip stock 
extrusions and many other ductile ma- 
terials. It is possible to bend in either 
a clockwise or counterclockwise di- 


| rection. O’Neil-Irwin Mfg. Co., 532 


Eighth Ave., Lake City, Minn. 


ircle No. 39, Reader Inquiry Facility, page 227 


PLIER FOR PRINTED 
CIRCUIT WIRING 

New plier, designed for needs ot 
printed circuit wiring, has specially 
fitted knives that shear and crimp the 
wire in one operation. The crimped 
wire holds the loose parts in posi- 
tion, permitting fast and efficient dip 


_ soldering of the exposed wire ends 
| in the circuit. In use, the plier is 
| held with the handles in an upright 


| position. The 45-deg working angle 


| of the knives against the printed cir- 


ELECTRICAL 


suit permits visual inspection of the 


| shearing-crimping operation. A re- 


placeable tempered steel spring keeps 





MANUFACTURING 


a 


























































Th 
Tu 

th 
Inc 
sift 


dit 


CAT 


ity 
AS 

a 
of 
“dl 
ig 
d. 


NG 


| Now AVAILABLE! BIG, NEW 44-PAGE GRAMIX 


precision formed GRAMIX die blocks 


prove their 

quality in this 

powerful little 

tube-flaring 
tool 


The new Papco Roto-Master 
Tube-Flaring Tool made by 
the Penn Aircraft Products, 
Inc.of Dayton, Ohio has greatly 
simplified single or double lap 
flaring on all grades of tubing 
for oil and hydraulic line installa- 
tions in aircraft. And GRAMIX is 
mighty important to the successful 
operation of this tool. Four iron 
GRAMIX die blocks provide eight stand- 
atd tube diameters that correspond to 
the eight stations of the adjustable turret. 
GRAMIX bearings and specialty parts are 
die-pressed from powdered metals to toler- 
ances as close as .0005”. They were selected 
by Papco for this application because they 
can be produced in relatively complicated shapes & 


that require little or no machining and so cost consid- - 


erably less than machined parts. GRAMIX parts 
longer life than other metals tested for the tube-flaring tool. | uy aah V4 
D 
| Nit SS 
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are strong and tough too, and showed greater durability and 


| CATALOG . . . WRITE FOR YOUR COPY TODAY. 


ee _ 


GRAMIX parts are self-lubricating. Whatever your opera- 
tion may be, we think you'll find that GRAMIX bearings and 


specialty parts will help cut costs and improve the perform- 





ance of your product. For complete information, write 


today to... 


87 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION @ SAGINAW, MICHIGAN 
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| the plier in open position. — Plier 
| forged from high-grade tool steel, on 
| an overall length of approximately 5 
| in. Type No. 052-5-L has a leaf 

spring, and Type 052 does not. 


Mathias Klein & Sons, 3200 Belmont 
Ave., Chicago 18. 
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Circle No. 40, Reader Inquiry Facility, page 227 
IMPROVED MULTIPLE 
5 TRANSFORMER WINDER 


Improved multiple transformer wind- 
er, Model 37-SA, features a magnetic 
clutch-brake and an instant re-setting 
automatic counter. The new magnetic 
clutch-brake eliminates the main 
cause of coil rejection by winding 
accurately to turns and then stopping 
automatically. Braking power may be 
increased or decreased by turning a 
dial. Turns may easily be added to or 
taken off the coil by touching a switch 
to release the current. There are no 
brushes or collector rings to wear out. 
Also no loss of turns is assured by 
| using the new magnetic clutch-brake. 
The re-setting automatic counter per- 


CAN MAKE THEM FOR YOU! | 


Whatever the design, or requirement 

. . standard and special, HHB can 
provide skill and facilities to make | 
cable assemblies to your exact 


specifications. 


-Or, if you are a user of connectors and 


components, including AN Types, 





RF Types, Rack and Panel Types, 
mits instant re-setting of the winding 
cycle by merely touching a lever. 
Model 37-SA multiple winds fluor- 
escent ballast and similar types of 
f : transformer coils. Bobbin coils may 
A new HHB catalog is available also be multiple-wound. Coil sizes 


illustrating many of these wound may be up to 6 in. long and 
up to 9 in. OD, if round. There is a 
| 442-in. clearance on rectangular coils. 
craftsmanship. A copy will On special order a winding traverse 
f up to 8 in. can be supplied. Mandrels 
up to 28 in. long may be used. 
Winding speeds are up to 2000 rpm. 

Twelve model T-1 tensions with 
supporting rack are furnished for wire 
gages 18 to 42 and spools up to 6 in. 
diam. One winding set-up is fur- 
nished. 32 pitch gears provide wind- 
ing range from 10 to 500 turns per in. 
Motor equipment consists of a spe- 
cial %-hp motor which operates on 
115-230 volts, 60 cycles, single phase. 
— BETTY area —_—_—— A foot treadle varies the motor speed. 

To aid in accurate cutting of coils, 
manually operated marking knives are 


and special items, we can help you 


with your requirements. 


outstanding products of HHB 





be mailed to you if requested 


on your business letterhead. 










oie 


H. H. BUGGIE 
And Company 





Sales Engineers in All Principal Cities 
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SPECIFICATIONS 
HIGHLY SENSITIVE 


Even a wet thread will provide 
enough signal to operate this relay. 


TWO TYPES OF OPERATION 
Relay can be set for either ‘‘normal”’ 

operation “‘drops-out” when 

external resistance is decreased to a 


(relay 


value between zero and four meg- 
ohms*) or ‘“‘reversed’’ operation (relay 
“picks-up’’ when external resistance 
is decreased to a value between zero 
and two megohms*). 


*Depending on dial setting. 


DIAL ADJUSTMENT 

Sensitivity level set by adjusting 
dial, which can be locked in place. 
Relay may be remote controlled from 
as far away as 500 feet. 


CONSTRUCTION 
Enclosure is weather-resistant and 
dust-tight (NEMA Type III and V). 


PHOTOELECTRIC RELAY CR7505-K100 


One of a complete 
line of devices for 
all photoelectric ap- 
plications. Inexpen- 
sive, has broad ap- 
plication. Bulletin 
GEA-3533D. 





ELECTRONIC TIMER CR7504-A142 


Handles timing over 
three ranges, .06- 
1.2, .6-12, 6-120 
seconds. Highly 
accurate, 
Bulletin 
5255B. 


versatile. 
GEA- 
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New G-E Electronic Relay: Highly 


Sensitive to Resistance Changes 


Can Be Used for 
Liquid-Level Control 


This new electronic resistance-sensi- 
tive relay can control liquids be- 
tween two predetermined levels. Re- 
lay will start a pump when liquid- 
level reaches probe A, will continue 
pumping until liquid falls below 
probe B. Then it shuts itself off until 
liquid again reaches probe A. This 
operation can be reversed to keep the 


tank full. 


Can Be Used for 
Sorting Small Parts 


Oversize parts touch contact “A,”’ 
closing electronic relay input circuit. 
This relay energizes solenoid which 
directs part into a container for over- 
size parts. Point of contact ‘“‘B”’ is 
set at standard height less tolerance. 
Parts touching this contact point are 
acceptable and are “shot” 
another chute. Undersize assemblies 
do not touch either point and slide to 
a third tray. 


down 


Can Operate from 
Contact-Making Instruments 


The G-E electronic resistance-sen- 
sitive relay is able to amplify even the 
minute currents carried by the delicate 
contacts of contact-making instru- 
ments. For instance, the relay can be 
arranged so that it will start or stop 
a f-hp motor directly when an am- 
meter, voltmeter, or wattmeter reaches 


the required meter reading. 










relay Motor 1 
starter ! 
Knife edge = solenoid 
Positive port to Ge sorted mokes Electronic 
tolerance contact of Aor B relay 


Electronic 
relay 


instrument 
Preset 


FOR MORE INFORMATION, contact your nearest G-E Apparatus Sales Office or authorized 
G-E distributor, or write General Electric Company, Section A785-4, Schenectady 5, New York, 


for the following bulletins: 


LjElectronic Resistance-Sensitive Relay, GEA-5893 


CF Photoelectric Relay, GEA-3533D 
CjElectronic Timer, GEA-5255B 


NAME 
COMPANY. 


ADDRESS. 


TITLE... 


STATE.. 
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Good 
for your 
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FREEDOM IN DESIGN 


home... ° 








DIMENSIONAL STABILITY 





Good for 


your business 
-- DUREZ 


PHENOLICS 


ACID & ALKALI RESISTANCE 


@ A look around a good up-to- date 
home will give you a lot of informa- 
tion about materials you could use in 
your own business. 

Take the phenolics .. . the molding 
plastics and the resins we have devel- 
oped at Durez. They usually pay their 
way by working under conditions of 
service requiring remarkable combina- 
tions of properties. 

Lustrous molded-in surface plus 
non-conductivity plus moldability in 
large TV cabinets, for instance. Non- 
snagging smoothness plus alkali resist- 
ance in washing machine impellers. 
Temperature and moisture resistance 
in resin-bonded insulating batts. And 
many more. 

With good reasons the phenolics 
are known as the most versatile of the 
plastics in hard-service applications. 
We'd like to work with you in investi- 

gating their use in what you make. Let 
us check your requirements with your 
molder, whether they be better appear- 
ance, better performance, lower pro- 
duction cost... or all three. 


| 


Member S. P. | 
Committee 
on Large Plastics 


Moldings. 





as 
HEAT & COLD RESISTANCE 


MOLDING COMPOUNDS 


INDUSTRIAL RESINS 





PROTECTIVE COATING RESINS 


Our monthly '‘Durez Plaisic Ne wil 
you in, on industry's uses 
Durez. eee co she letterhead. 


DUREZ PLASTICS & CHEMICALS, INC. 
ee 


PHENOLIC PLASTICS THAT FIT THE JOB 
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provided. The roll paper feed is avail- 
able at slight extra cost. A tilting 
table for pre-cut paper is supplied 
and provisions are made for perma- 
nent alignment. A spiral attachment 
with *2 in., ¥% in. or 46 in. spacing is 
available at extra cost for space wind- 
ing start and finish layers of high volt- 
age coils. George Stevens Mfg. Co., 
Inc., 600 N. Rogers Ave., Chicago 30. 


No. 41, Reader Inquiry Facility, page 227. 
PAINTING MACHINE 
Automatic, single-spindle painting 


machine, eliminates the necessity of 
investing in costly conveyorized paint- 
ing systems for shorter runs. It is 
being produced as a portable pack- 
age which can be used in most stand- 
ard spray exhaust booths. One dial 
regulates the spindle speed from 100 
to 400 rpm, while a second dial con- 


trols the length of time the spray 





guns operate . The spindle and guns 
go into action at the touch of a foot 
pedal, but stop automatically as pre- 
determined by the dial settings. Speed 
of operation is dependent upon the 
required loading time, which in turn 
is controlled by the nature of the 
piece being sprayed and by whether 
masking devices are employed. Pro- 
vision is made for mounting up to four 
guns, one in each corner, as required, 
to cover the work. A work-holder is 
designed to serve also as a masking 
device when masking is required. 
Provision is made for automatic oiling 
of the driving motor. Conforming 
Matrix Corp., 316 Toledo Factories 
Bkig., Toledo 2, Ohio. 


e No. 42, Reader Inquiry Facility, page 227. 









Reprints 


Postpaid return cards are provided 
on page 227 as a convenience to 
readers in obtaining single copies of 
selected feature articles listed in 
Feature Article Reprints. 
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ACEC 


MOTORS 


backed by nation-wide and 
world-wide service 


One of the WORLD’S LARGEST ELECTRICAL MANUFACTURERS 
with four up-to-the-minute plants covering 248 acres, and the accumulated 


engineering and manufacturing experience of more than 70 years... 
that’s ACEC of Belgium. 


The ACEC Motors already in use have earned a world-wide 
reputation for mechanical and electrical excellence. They 
are sold and serviced in 50 countries throughout the world— 
a fact which makes ACEC Motors particularly valuable on 
your equipment for export. 


Priced below most other motors, THREE-PHASE ACEC 

motors—from 14 to 200 hp—are immediately 

available from warehouse stocks in the United 

States. Manufactured strictly to NEMA 

FRAMES AND SPECIFICATIONS, ACEC mo- 

tors come in a wide variety of types to meet your motor needs, 
And 300 ACEC DISTRIBUTORS and SERVICE SHOPS — 


across the nation assure prompt and efficient fulfillment of 
your service requirements. 


To get top-level motor performance at lower prices plus the 

advantages of nation-wide and world-wide service facilities, 

contact our main office and we will have our nearest 
representative call you. 


NOW ON HAND 


Three-Phase Fractional 
and Integral HP Motors— 
Vs to 200 hp 
FULLY GUARANTEED 
Available in the following types: 


%& Open Drip Proof 
(Fhp. and Integral) 
%& T.E.F.C. 
(Fhp, and Integral) 
%& T.E.N.V. (Fhp.) 
%& Pump Motors 
Style ‘‘C’’ Face Mounted 
Style ‘‘P’’ Vertical Solid Shaft 
Vertical Hollow Shaft 
% Industrial Sewing 
Machine Clutch Motors 
HERSTAL % Geared Motors and Capstans 


IMMEDIATE 
DELIVERY 


from 


NEW YORK 
CHICAGO 
KANSAS CITY 
NEW ORLEANS 
HOUSTON 
LOS ANGELES 


pPeeeoeeveveeveee eee eee eee eeeee eee eeee 


[9s. Motors 


ON 


BELGIAN ELECTRIC SALES CORPORATION 


Main Office: One E. 53rd St, New York 22, N. Y. © PLaza 8-3105 


ae : me S-Seri-t i eet assets ee st ee Ere al og 
emt Agencies Detroit - Milwaukee « Cleveland « Houston « New Orleans - Orlando 


Savannah « Montreal « San Juan (Puerto Rico) « Mexico City 
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Laboratory 


and 
Engineering 
Equipment 


quality counts 






and accuracy 








is important 


BALANCING MACHINES 


Nine different models of Schenck 
electro-dynamic balancing machines 
are now being marketed in the 
U. S. In less than a minute, in a 
single run, these German-made ma- 
chines, it is claimed, accurately de- 
termine the amount and location of 
dynamic and static unbalance in ro- 
tating parts. The nine available 
models have weight capacities which 
range from a few ounces, in the | 
smaller machines, to over 100 tons. 

Each balancer has an electrical meas- 

uring system, without electronic tubes | 
or oscillograph, that indicates unbal- 
ances caused by displacements of as 
little as 0.00004 in. from the center of 
gravity. Measurements are indicated 
on a wattmeter which records only un- 
balance vibrations and is unaffected 













Standart 


Stamping 






for all perforated 
metals, plastics, 


masonites, papers Torture 


Test 
| Proves 
|  (COMAR 
| 


STANDARD w yerforate your 
eliclatl or tror yur STOCK ON 


cations 


RELAYS 
are 
Tough 


STANDARD has complete 





ating tacilities: bending, 


Re PACT lare by disturbance vibrations of other fre- 


STANDARD has a complete ; : 2 
and inspect parts in one set-up. Even 


f diac and a io 
loli ahi small parts are balanced easily by 


Illustration shows 

a typical Comar 
Telephone Type ‘'TM”’ 
Relay recently 
subjected to 
exhaustive tests by a 
Comar user. Results: 
115 million cycles 
without a breakdown! 


quencies. Balancers can be combined Comar relays stand up under severest 
with machine tools to check, correct, operating conditions. They are engineered 
to far exceed normal performance and 
circuit requirements. Precision workman- 
ship and top quality is your assurance of 


Flee eee adding or removing weight units at | dependable operation. Comar special- 
TeUCe a lle: two of the four balancing points | izes in relays custom-engineered to fit 
your needs. Send specifications for our 
recommendations, no obligation. 


located within the coordinates 90 deg 
apart. Cosa Corp., 405 Lexington 
Standard stampine « Rae Blinn Baal 
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West 49th Place. Chicago 32, III 





ELECTRONIC WATTMETER 


Measurement of small aircraft motors, 
fluorescent lamps and ballasts and 
transformer core losses are some of 
the applications of electronic watt- 


Write now for more infor- 
mation and for a copy of our new 


folder “There Are Holes in Our Story.” 
P-EM 
















Name 
Company 
Address 

City.__Zone. 


fier driving the potential coil of a 
dynamometer wattmeter, the new in- 
Bishe...s. 





racy in measuring electric power. Fea- 





meter, Model 110. Basically an ampli- WRC St 


oe Relays * Transformers * Solenoids 
strument is said to offer unusual accu- Switches © Coils © Hermetic Sealing 
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e Chicago 
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Now...a new high temperature magnet wire... 


ROETEMP 


MAY 


19 
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ROEBLING 


ROETEMP MAGNET WIRE brings you a 
brand new and superior type of insulation for 
applications that involve high operating temper- 
atures. Its heat-resistant properties and dielectric 
strength, its extra toughness and working ease 
make this new. Roebling ROETEMP your top 
choice for Class B transformer windings and for 
other electro-magnet devices that operate up to 
105°C., with a hot spot temperature of 125°C. 

Roebling ROETEMP Magnet Wire is insulated 
with a specially processed tape applied in a 













3 


single wrap with a liberal overlap. It is excep- 
tionally pliable and bends without cracking or 
separating from the conductor. It won’t unravel; 
is ideal for higher speed winding; comes in a 
range of sizes from #1 to #12 AWG, round, 
square and rectangular. 

Write for data on Roebling ROETEMP Mag- 
net Wire...and Roebling silicone bonded ROE- 
GLAS wires for special temperature problems. 
John A. Roebling’s Sons Corp., Trenton 2, N. J. 

A subsidiary of The Colorado Fuel and Iron Corporation 


934 AVON AVE «+ SOSTON, 


* CINCINNATI, 3253 FREDONIAAVE « 
DETROIT, 915 FISHER BLOG 


ST & 120 8S. HEWITT ST 
ODESSA, TEXAS, 1920 €. 2NO ST 


MAR BLVD * TULSA, 321 N. 
CHEYENNE ST + EXPORT 
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I7TH ST © SEATTLE, 900 16ST 
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S PITTSBURGH ST + CHICAGO, 5525 W. ROOSEVELT RO 
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IN ANY STAGE OF MANUFACTURE OF 


ANY TYPE ELECTRICAL EQUIPMENT © 


You can get the EXACT 
§ INSULATION and SERVICE 
You NEED from IMC 





tures include a range from 0.3 to 300 
watts on six scales, with accessory 
shunts extending the range to 9000 
watts. Frequency response from 20 to | 
3000 cps permits measurements at all 
power and aircraft frequencies with 
no need for corrections of any kind, | 
Specifications are accuracy, within 2 
per cent of full scale; input impe- 
dance, 500,000 ohms to the potential 
circuit, 0.5 ohm to the current circuit. 
Keithley Instruments Co., 3868 Car- | 
negie Ave., Cleveland 15, Ohio. | 
e No. 44, Reader juiry Facility, page 227 


PORTABLE OSCILLOGRAPH 


Portable — six-channel _ oscillograph, 
Model BL-226, is equipped with six 
Model BL-902A Penmotors which 
permit the simultaneous recording of 
six channels of instantaneous electric 
or mechanical phenomena that can be 
converted to electrical phenomena in 
the frequency range from d-c to 100 
cps. A large window in the top of the 
instrument permits viewing the chart 
as information is being recorded. 
Controls provide starting, stopping 
and selection of chart speeds of 5, 25, 
a and 125 mm per sec. A 25 ft length 
aaeue wemeed  S of cable and junction box provides 
ycomroy - all the necessary outlets for connecting 
the six amplifiers to the oscillograph. 
As an accessory, a remote control box 
is provided, permitting the operator 
to start and stop the chart drive from 
remote locations. Outlets are pro- 
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ASK YOUR NEAREST IMC OFFICE FOR 
FREE LITERATURE and PRICES 
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“CHICAGO 6 - “CLEVELAND 14 DAYTON 2 MILWAUKEE 2 PITTSBURGH 22 : 
| $65 W. Washington Bivd. 1231 Superior Ave. WE | 120 W. Second St. 312 E. Wisconsin Ave. 535 Smithfield Street 
Phone CEatrel 6-7320 Phone SUperier 1-2310 Phone Michigon 1391 Phone DAly 8-5359 Phone GRant 1-7100 
— AUTHORIZED REPRESENTATIVES — 
’ “CHICAGO 6 DETROIT 2 “MINNEAPOLIS 3 PEORIA 
Complete-Reeding Elec. Co. inc. Harry R. Brethes Ht. A. Helden, inc. ; W. ©. Johnsen 
a 100 5. Jefferson St. 1S Lowrence Ave. 1208 Hermen Ploce 101 Heinz Court 
Phone CEntral 6-5390 Phone TOwnsend 8-2577 Phone Geneve 5353 Phone 2-7786 


*LOCAL STOCKS AVAMABLE AT THESE LOCATIONS 
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50 watt - 75 watt - 100 watt - 150 watt 
(25 watt available shortly) 


: A : 

: 8 SS PRODUCTS Model Engineering 
TRU-OHM VITREOUS RU:OH M. & Mfg. Inc. 
ENAMELED RESISTORS Ps : ; 

— A complete line ready 2800 N. Milwaukee Avenue, Chicago 18, Ill. 
a 


for shipment! ear Te ea Ul Tm al 1) 
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When Transformer Engineers of 
Pasadena, Calif., contracted to 
build a 3 400 cps transformer 
for the guided missile program, 
Thomas & Skinner engineers 
were consulted for assistance. 
After thorough analysis, the 
new T & S EI 12”—3¢ OrthoSil 
4 mil lamination was recom- 
mended. With this new, thin 
orthographic iron-silicon lami- 
nation, Transformer Engineers 
were able to cut both weight 
and size 25%, in addition to sub- 
stantially reducing the unit cost. 

This success with 3¢ applica- 
tions is typical of Thomas & 
Skinner’s new OrthoSil lamina- 
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OSIL 


3-Phase Laminations 
Cut Costs, Weight, Space 


tions. The 3¢ series of OrthoSil 
laminations also include ¥g” and 
¥g”—and will soon include the 
EI 7%” —3¢. 

Transformers such as power 
and 3¢, chokes, saturable reac- 
tors, and filters are but a few of 
the many electrical components 
for which OrthoSil oriented 
laminations are recommended. 

Write today—ask for new 
T & S Electrical Laminations 
Bulletin No. L-752. 


Specialists in Magnetic Materials, Permanent Magnets, and Laminated Cores 


1114 East 23rd Street e Indianapolis 7, Indiana 
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Leases seneaeaesssenesaesnecennssaseseed 


vided in both the oscillograph and 
control box to permit use of a floor 
switch. Brush Electronics Co., Equip- 
ment Div., 17 H, 3405 Perkins Ave., 
Clevel: ind 14, Ohio. 

Circle No. 45, 


VOLT-AMMETERS 


Series of three pocket-size volt-am- 
meters now available measure up to 
1200 amp. Their snap-around con- 
struction permits these Amprobes to 
measure current instantly, without 
being connected to the conductor. 
Applications include determining load 
conditions, checking motor overloads, 


checking windings in motors, and 
other applications. Each of the three 
models features voltage test leads 
equipped with a retractable safety 
plug which automatically insulates 
itself when removed from meter. Jaws 
are completely insulated down to the 
sockets, protecting against shorts and 
shocks. Probe jaws are pointed for 
working in crowded switch and ter- 
minal boxes. The wide-angle window 
makes it possible to take an accurate 
reading from practically any position, 
and even in poor light. Also use of 
a doughnut-type transformer elimi- 
nates for all practical purposes the 
factor of error due to position of con- 
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At the turn of the century the “butcher’s wagon” was 
a familiar sight. For many rural families it was their 
only meat market. 


Electric refrigeration has revolutionized food market- 
ing, but equally important are the benefits to public 
health. Now, you can keep your steaks in the “pink of 
condition” for one day or fifty-two weeks, as you 
choose. 


The volume production of dependable and efficient 
Emerson-Electric Hermetic Motors has been a con- 


MODERN LIVING Is POWERED WITH 








EMERSON-ELECTRIC’S unique 


SERVICE 
solves your power problems 


Our engineers are eager to work with 
yours in designing and providing the 
correct motor for contemplated new 
or improved appliances or equip- 
ment. “TWIN-GINEERING” saves 
costly engineering ‘“back-tracking,” 
and may suggest short cuts and prod- 
uct improvement. Write today for 
Bulletin No. 410. 
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MAY 1953 


MOTOR 


AND 





tributing factor in making modern refrigerators and 
food freezers economically sound investments for 
millions of Americans. 


Leading makers of motorized products for the farm, 
home, business and industry depend on Emerson- 
Electric’s 62 years of motor building experience. For 
information on this complete line of standard motors 
in ratings from 1/20 to 5 h.p., and hermetic motors 
from 1/8 to 20 h.p., write: 


THE EMERSON ELECTRIC MFG CO., St. Louis 21, Missouri 
ELECTRIC MOTORS 





EMERSON 7:5 ELECTRIC 


MOTORS « FANS ———_—"_ APPLIANCES 


FAN 


INDUSTRY 


SINCE 1899 
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ductor within probe jaws. Model 300 


“cere | has nine ranges up to 300 amp a-c, | 

aa zy WA a i Ee ek ' | and 600 volts a-c. Model 600 ranges 
Sila tt | up to 600 amp and 600 volts. Model | 

| 1200 ranges up to 1200 amp and 600 


ELECTRONIC COMPONENTS | volts. Pyramid Instrument Co., Inc., 


630 Merrick Rd., Lynbrook, N. Y, 


Circle No. 46, Reader Inquiry Facility ge 227 














































DYNAMOMETER 


Addition to a line of dynamometers, 
designated Model 52 CUSTOM, is a 
packaged unit for testing a-c and d-c 
motors. Features are a self- regulating 
absorption unit and a torque scale 
which indicates directly in foot-pounds 
and horsepower. The self-regulating 
brake, which assures constant torque 
loading regardless of speed variations 
of the motor under test, makes possi- 
ble the simulation of conditions sim- 
ilar to those encountered in actual 
operation. Switch-gear is provided for 





“TEFLON INSULATED” means 
higher performance, greater depend- 
ability, no danger of breakage in 
assembly or service. 


Chemelec Electronic Components offer 
all the advantages of this outstanding 
insulating material. Surface resistivity | 
3.5 x 1013 ohms. Loss factor less than | 
0.0005. Dielectric constant 2.0 (60 | 
cycles to 30,000 megacycles). Service- 
: able at —110° F. to 500° F. Won’t 
9-PIN CONNECTORS —«—sCabonize under arcing. Zero water 
ens §8— DSOrpPtion by ASTM Test. Unaffected 
| by extreme humidity. Won’t DC plate. | laa a 
: ‘3 : a ss | selecting either single- or three-phase 
i | Chemically inert, non-gassing, immune | power for the motor under test. Meters 
| 





to corrosive atmospheres, fungus, oil, indicate values of a-c volts, amperes, 
solvents. Non-flammable, tough, resili- watts and speed of the motor while in 
ent, withstands and absorbs mechani- | operation. Cabinet has an adjustable 


‘ ° work table for holding motors under 
cal and thermal shock and vibration. test. Unit is rated at 3 hp (at 1800 


STAND-OFF INSULATORS rpm) and has a speed range extending 


ns 86 Write for Catalogs: Miniature Tube to 4,000 rpm. George L. Nankervis 
| Sockets—No. SO-428; 9-pin Connec- Co., 19255 West Davison, Detroit 23, 
| tors, No. CN-409-M; Crystal Sockets, Michigan. 
| No. CS-441; Stand-off Insulators, No. ea eee 
_ ‘TE-401; Feed Through Insulators and EXTENDED RANGE 
Terminals, No. CF-400. VOLTMETER 





FEED THROUGH INSULATORS 


Miniature Model 520-A operates over 
AND TERMINALS 


the frequency range from 10 cycles | 
to 2 mc. A full-scale sensitivity of 1 
mv permits measurements as low as 
100 microvolts and affords useful indi- 


LY N ITED FLUOROCARBON | cations at still lower levels. Ranges 
STATES Ate ee are provided up to 300 volts, as well 









CAMDEN 1. NEW JERSEY as decibel readings from — 72 to 52 
GASKET db (referred to 1 milliwatt in 600 ! 
COMPANY spol threats phy, sage Adis, ohms). The 4%-in. meter is illumi- 


nated, and is provided with a mirror 
scale to facilitate reading of small 
increments. Calibration is in two 
linear voltage ranges (0-1 and 0-3) and 
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EASY-FLO FS 


With its low working temperature of 1145° F, 
EASY-FLO 45 is just what the doctor ordered for 
joining thin gauge metals. It brazes them without 
danger of damage from overheating. The low flow 
point also cuts a big chunk off heating costs. 


And here are more good reasons why this silver 
brazing alloy is so widely used for joining thin 





GET FULL EASY-FLO 45 DETAILS IN BULLETIN 20-- 
Write today for a free copy. 





HANDY & HARMAN 


eT iii Thiel Peel d 
EASY-F‘O & 
bi Se 
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Sy” HANDY & HARMAN 


General Offices: 82 Fulton S$t., New York 38, N.Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 





gauge metals. EASY-FLO 45 is exceptionally free 
flowing. Because of this it penetrates into and over 
the entire joint area the instant its low flow point is 
reached. Results—high strength, liquid and gas tight 
joints—joints so clean they seldom need finishing. 
Here’s a sample —a directional coupler from the 
line of microwave test equipment made by the 
Polytechnic Research & Development Co. Inc., 
Brooklyn, N. Y. 


Curved and straight sections of rectangular 
brass tubing are brazed along a common side 
wall and flanges are attached with 1/16” 
EASY-FLO 45 wire. Bodies are finished with 
baked gray enamel and flanges are nickel 
plated. The clean EASY-FLO 45 joints greatly 
facilitate finishing. 







OFFICES and PLANTS 


BRIDGEPORT, CONN. 
PROVIDENCE, R. 1. 
CHICAGO, ILL. 
CLEVELAND, OHIO 
DETROIT, MICH. 

LOS ANGELES. CAL. 
TORONTO, CANADA 
MONTREAL, CANADA 
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ALL TYPES OF 
CONSTRUCTION 
NOW AVAILABLE 
AT LOW COST 





MOLDED OR FABRICATED TYPES 
FOR LOWEST POSSIBLE COST 


Assemblies of these types can be supplied at low cost. 
Quality is the highest in the industry. Dimensional 
accuracy and other characteristics are excellent and 
these units are highly recommended for instruments 
such as synchros. 


ONE PIECE ELECTRO-PLATED 
TYPES FOR EXTREME ACCURACY 


Wherever extreme dimensional precision, accu- 

rate concentricity, and high dielectric qualities are 

required the electro-deposition method is recom- 
mended ...the production of which is licensed 
under an exclusive arrangement with the Electro 
Tec Corporation. This well-known process is most 
satisfactory for miniatures and sub-miniatures 
down to .035” diameters. 


ULTRA-MODERN, COST REDUCING, NEW PRODUC- 
TION FACILITIES—The last word in plant, equip- 
ment ond skilled personnel are grouped here to 
provide fast delivery af 


CALL, WRITE OR WIRE TODAY FOR lowest unit cost. 


QUOTATIONS ON YOUR REQUIREMENTS 





Durakool 


the 
STANDARD 


OF QUALITY, DURABILITY AND LIFE 


Years of trouble-free performance on the 
most difficult of assignments have won top 
HIGH recognition for Durakool Mercury Tilt Switches. 
High temperatures, fast cycling and 24 hour 
schedules taken in stride. 7 sizes, | to 65 am- 
peres. Send for Bulletin 525. 


WITHSTANDS 


TEMPERATURES 


See telephone directory for local distributor or write 


DURAKOOL, INC.— Elkhart, Indiana 








a 


Durakool 2", 
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a decibel range from — 12 to 2 dbm. 
The rectifier is of the full-wave aver- 
age type, An output connection is 
provided so that the unit may be used 
as a broadband amplifier with sensi- 
tivity adjustable in 10-db steps. This 
function does not interfere with volt- 
meter operation. A portable unit, 
Model 520-A, weighs only 6 Ib; its 
case is only 6 in. high. It will operate 
on power lines from 50 to 400 cycles 
and 95 to 130 volts. Tube replace- 
ment is non-critical and use is made of 
plug-in filter capacitors. Waveforms, 
Inc., 333 Sixth Ave., New York. 


Circle No. 48, Reader Inquiry Facility, page 227 


RECORDING SYSTEM 


New Consolette is a complete record- 
ing system with JAN rack and panel- 
type a-c, d-c or carrier amplifiers, 
combined with an oscillograph re- 
corder, mounted in a mobile, metal 
consolette. As a result of the design, 
it is possible to start with as little as 
a 2-channel system and expand to 4 
or 6 channels by the addition of re- 
cording galvanometers and amplifiers. 
Ink-writing galvanometers cover a 
wide range of frequency response 
from d-c to 300 cps. Recorder chart 
paper speeds are available in a range 
from 0.1 mm. per sec to 625 mm. per 
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CUSTOM MOLDED 


Ws 


for Electrical Appliances 


Dison appliances cover a wide range 


of domestic utility products . . . and Erie 
covers just as wide a range in custom 
molded plastic components. Whether it's 
a three dimensional plate that will at once 
identify your product and distinguish it— 
a hidden part upon whose perfect func- 


 QHIk universe, ¢) 
ANS ef 


tioning depends the performance of the 
machine—a conspicuous knob or control 
which should combine utility with beauty 
—you will find an appreciation of your 
problems and an unusual ability in help- 
ing to solve them, when you come to Erie 
for injection molded parts. 


Write for your copy of bulletin, ‘Who We Are... What We Do in Plastics.” 


ERIE RESISTOR CORPORATION ..... PLASTICS DIVISION 


Main Offices: ERIE, PA. 


Sales Offices: Cliffside, N.J. * Philadelphia, Pa. « Buffalo, N. Y. * Chicago, lil. 
Detroit, Mich. * Cincinnati, Ohio « Los Angeles, Calif. 


Factories: ERIE, PA. * LONDON, ENGLAND - TORONTO, CANADA 











another EMC 


Motor application 


AMI juke boxes 


AMI, nationally famous juke box 
manufacturer, uses EMC motor parts sets 
for both carriage drive and record 
transfer drive assembly for their Model 
“B” units. Chances are you've dropped a 
few nickels in AMI units and both seen 
and heard the machine operate. 

EMC motor parts sets play an important 
part in the smooth functioning of this 
precision juke box. 


EMC and CYCLOHM fractional h. p. 
motors are used by many 
manufacturers of coin operated devices 
as well as hundreds of other 
applications— business machines, sewing 
machines, mixers, fans, blowers, radar, 
jet aircraft, tape recorders, portable 
tools, appliances and others. Whatever 
your application, if you use fractional 
h. p. motors or motor parts sets, 

check your requirements with Howard 
today. Your inquiry will be given 
prompt attention. 


(Bats today 
po Din 
bey Derted States 
Prens tort: 


DEPT.EM-5 e 


HOWARD INDUSTRIES, INC. - 


Universal and Direct Current 
(1/1000 to 1/2 h. p.) 


Shaded Pole 
(1/2000 to 1/15 h. p.) 


Induction Types 
(1/1400 to 1/4 h. p.) 


You can fell a motor 


by the company it keeps! 


| HOWARD 


RACINE, WISCONSIN 


pivisions: FM(emc motor corr. CQ cycLonm MoTOR corp. 
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sec. An option of three or nine jn- 
clusive chart speeds permits recording 
flexibility. Space is provided for the 
use of either chart rolls or new ac- 
cordion-folded multi-channel chart 
paper. Consolette dimensions are 32 
in. wide and 27 in. deep; desk height 
of the console is 30 in., overall height 
is 53 in. Edin Co., Inc., Dept. A, 207 
Main St., Worcester 8, Mass. 

Circle No. 49, Reader 


Inquiry Facility, page 227 


VOLTAGE REGULATED 
POWER SUPPLY 

Model 1520 features a regulated high- 
voltage d-c power supply with excel- 
lent regulation, low ripple content and 
low output impedance. The _high- 
voltage supply is continuously vari- 
able from 0-1500 volts and delivers 
from 0-200 milliamp. In the 30-1500 





volt range, the output voltage varia- 
tion is less than % per cent for both 
line fluctuation from 105-125 volts 
and load variations from minimum to 
maximum current. The ripple voltage 
is less than 30 mv peak to peak. Di- 
mensions are: cabinet height, 22% in., 
width 21% in., depth 15% in. Rack 
panel height is 21 in., width is 19 in. 
Kepco Laboratories, 131-38 Sanford 
Ave., Flushing 55, N. Y. 

e No. 50, Reader Inquiry Facility, page 227 


DECADE AMPLIFIER 


Type 140-A decade amplifier is a mini- 
aturized laboratory voltage amplifier 
with a l-mc frequency response and 
stabilized voltage gains of 10 and 
100. Typical applications are to ex- 
tend sensitivities of oscilloscopes, 
vacuum-tube voltmeters, and other 
indicating or recording devices. A 
low flux-density transformer permits 
the amplifier to be used without effect 
on nearby equipment operating at low 
signal levels. The amplifier is entirely 
resistance-coupled; no peaking coils or 
compensating networks are used 
which might cause undesirable transi- 
ent effects. Frequency response is 
flat from 2 cps to 1 me, + 0.1 db. 


Equivalent input noise is less than 8 
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microvolts in the x 100 position. Maxi- 
mum undistorted output voltage is 
40 volts. Maximum output current is 
1 milliamp. Phase shift and distor- 
tion are entirely negligible. The self- 
contained unit has a built-in 117-volt 
a-c power supply. Line voltage varia- 
tions between 70 and 130 volts cause 
less than 0.1 db change in output. 
Input impedance is 1 megohm shunted 





by 10 mmf. An accessory high-im- 
pedance vacuum-tube probe is avail- 
able for use where even slight loading 
of sensitive circuits is to be avoided. 
Amplifier has plug-in type binding 
posts. Its dimensions are: 542x6x8 
in.; weight, 54% lb. Hermon Hosmer 
Scott, Inc., 385 Putnam Ave., Cam- 
bridge 39, Mass. 


Circle No. 51, Reader Inquiry Facility, page 227. 


Reprint Packages 


Related feature articles previ- 
ously offered as separate re- 
prints are now available in 
combined reprints on the fol- 
lowing subjects. 


New Phenolic Materials, 


28 pages $0.75 
Adjustable-Speed Drives, 
24 pages $1.00 


Applying Magnetic Amplifiers, 
40 pages $1.50 


Motor Overload Protection, 
52 pages $1.50 
Designing Servo Systems, 
56 pages 


$2.00 


Engineering Testing in Design, 


76 pages $2.50 
Plastics and Dielectrics, 
92 pages $3.00 


Copies are available at the 
prices shown, on orders accom- 
panied by remittance. For de- 
tailed review of the contents of 
each and ordering information 
see page 234. 
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Kirkwood steel core and mold- 


ed core commutators make 


motors last longer because 
they are precision made to 
withstand extreme variations 


in heat, speed and vibration. 


Motor production is speeded 
up because Kirkwood commu- 
tators, ranging from 9 /32"' to 
Toe eIT- PO Tele 4al al tM 
ales Meta 


Kirkwood engineers will glad- 
ly work with you in designing 
new commutators for special 
applications. Send us your 
AUS e 


ho K\RKWOOD 


COMMUTATOR CO. 


OVER 10,000,000 NOW IN USE 


1345 CARNEGIE AVE. CLEVELAND 15, OHIO 


Write for new No. 3 Catalog 
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To obtain copies of these publications 
circle item number on postcard in Reader 
Inquiry Facility, page 227. 


DRIPPROOF INDUCTION MO- 
TORS—Containing exploded views, 
dimensional drawings, and other illus- 
trations, illustrated six-page folder 
provides data on a complete line of 
dripproof induction motors, with 
ratings from % to 150 hp. Also in- 
cluded are speed-torque curves, frame 
number charts, as well as descriptions 
of optional mountings and _special- 
purpose applications. Also covered 
are recent changes in design, includ- 
ing use of prelubricated sealed ball 
bearings. The Lima Electric Motor 
Co. 

No. 52, Reader Inquiry Facility, page 227 


RIGHT-ANGLE SPEED REDUCERS 
— Loose-leaf folder, containing 35 
pages, presents information on hous- 
ing, bearings, gearing or the reducers, 
as well as on the models in the ex- 
tensive line. Data are presented on 
single, double and triple-type right- 
angle speed reducers, installation, 
lubrication, and accessories, and other 
pertinent data. Western Gear Works. 
Circle No. 53, Reader Inquiry Facility, page 22 


PREHARDENED ALLOY STEEL 
Illustrated four-page brochure de- 
scribes Carilloy FC, which is a free- 
cutting manganese-chrome-molybde- 
num steel, heat-treated and stress-re- 
lieved in the bar to a surface harness 
of 269 to 311 brinell. Applications 
and advantages are covered and tables 
listing typical chemical compositions 
and physical properties are included. 
U. S. Steel Supply. 

Circle No. 54, Reader Inquiry Facility, page 227 


CLASS H VARNISH—Four-page pre- 
liminary data sheets provide informa- 
tion on Dow Corning silicone varnish 
997, a new Class H dipping and im- 
pregnating varnish that is said to have 
over 100 times the dielectric life of 
typical Class B varnishes at 200 C. 
Properties and applications are cov- 
ered, handling characteristics are dis- 
cussed, and its heat stability is de- 
scribed and demonstrated by means of 
curves. Dow Corning Corp. 


Circle No. 55, Reader Inquiry Facility, page 227. 


ELECTRIC CONTACTS, BRAZING 
ALLOYS—Twenty-eight-page folder 
briefly describes company’s long ex- 
perience in the fabrication of electrical 
contacts, brazing alloy preforms, and 


Literature for the Asking 


ELECTRICAL 





other items from precious metals, 
Entitled “Precious Metals for Indus- 
try,” the folder discusses contact ma- 
terials and applications, and presents 
detailed information on composite 
contacts, contact disks, solid rivets, 
composite rivets, contact screws, and 
special forms and assemblies. Informa- 
tion is also provided on silver brazing 
alloys including brazing wire, strip, 
rod, and preforms. In addition a flux 
for low-temperature silver brazing is 
described. Facilities for performing 
a complete brazing service are briefly 
mentioned. Tricon Mfg. Co. 


Circle No. 56, Ré nquiry Facility, page 227 


MERCURY PLUNGER RELAYS- 
Illustrated two-page data sheet de- 
scribes mercury plunger relays that 
are claimed to possess considerably 
longer life due to a special process. 
Data furnished includes construction 
details, contact rating, coil data, con- 
tinuous duty rating, and weight. Em- 
phasis is placed on the fact that the 
tubes are interchangeable and _ that 
only 35 millisec are required to make 
contact and 55 millisec to break con- 
tact. Philadelphia Scientific Glass Co. 
Circle No. 57, Re nquiry Facility, page 227 
ASBESTOS ELECTRICAL INSULA- 
TIONS~—Illustrated 32-page publica- 
tion provides complete information 
concerning electrical insulation made 
of purified asbestos and known as 
Quinterra and Quinorgo. Tables pro- 
vide test data on physical and elec- 
trical properties, and photographs illus- 
trate application techniques. Advan- 
tages and special features are covered, 
with emphasis on the mechanical 
strength and lasting dielectric strength 
of these high-temperature insulating 
materials. Valuable feature of the 
booklet are the extensive case histories 
included. Johns-Manville. 


Circle No. 58, Reader Inquiry Facility, page 227 


CONTROL RELAY—Designed for 
pilot circuits, automatic control and 
sequencing operation. Type N control 
relay is described in an_ illustrated 
four-page brochure. Other applica- 
tions are covered, design features are 
listed, and specifications are provided. 
Westinghouse Electric Corp. 

Circle No. 59, Reader Inquiry Facility, pag 


SET SCREWS-—Catalog No. 16 pre- 
sents in tabular form data on an ex- 
tensive line of set screws, headless set 
screws, fluted socket set screws, hexa- 
gon keys, and cap screws. Also cov- 
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HIGH TEMPERATURE 
@ 
magnet wires 
| 


| 
If your problem is the design of reliable miniaturized 
electrical equipment, investigate the size and weight 
savings possible with Cerod Magnet Wires. 


Ceroc Magnet Wires operate at temperatures well 
above the 180°C limit for Class H insulation, because they 
have a base insulation of a thin, flexible ceramic material. 
No other wire uses this patented construction! 


For operation at 250°C, Ceroc ST (Single Teflon) and 
Ceroc T (Double Teflon) have a tetrafluoroethylene over- 
lay. Both have been used successfully up to 350°C in 
short-time military applications. Ceroc 200 for 200°C 


application has a silicone coating on the ceramic to 
facilitate winding. 


Not only does the construction of Ceroc Magnet Wires 
permit very high current densities, but it also results in 
better cross-over characteristics in windings than those 
obtainable with all-plastic insulated wires. 


For engineering data on Ceroc Magnet Wires, write on 
Sprague, on request, now will pro- 


- ith ; ele your business letterhead to |\the Sprague Electric Com- 
vide you with complete application pany, 307 Marshall Street, North Adams, Massachusetts. 


engineering service and assistance 
Tel Meey bit Mee St be eed: La) 
and manufacture of components ENLARGED CROSS-SECTIONS OF CEROC MAGNET WIRES 
using Ceroc High-Temperature 


Magnet diate Ceramic @&/ rsloron Ceramic 


insulation Insulation Insulation 


Thin Single Double 
Silicone Teflon Teflon 
Film Overlay Overlay 


“See 


CEROC 200 CEROC ST CEROC T 


PIONEERS IN HIGH TEMPERATURE MAGNET WIRE 


EXPORT FOR THE AMERICAS: SPRAGUE ELECTRIC INTERNATIONAL LTD., NORTH ADAMS, MASS rN Uta) dio tia 
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quick 


fastener 


UP-TO-THE-MINUTE 


STOCK LIST 


Continuous Inventory of 


AN NAS CT SCREWS + PHILLIPS HEAD - 
INDENTED HEX HEAD + SHEET METAL - 
SEMS - STANDARDS - SPECIALS 


Steel, Brass, Stainless, Aluminum 


For Prompt Shipment 

Assembly line fastener supply — right in your 
top desk drawer. That's what Camcar Stock 
List Service gives you twice monthly. 


Use this Stock List for quick service on your 
Fastener Supply Problems. Request on 
Your Letterhead Will Bring Regular Mailing. 


Telephone 
5-9451 
Teletype 


RK-8653 


» 
b ASSEM 
®o your Bty 
ee aoc nnee Foe ‘ 


‘Ne, 
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ered are other products, including pipe 
plugs, stainless-steel set and cap 
screws, self-locking set screws, hexa- 
gon head screws, slabbed-head set 
screws, as well as special products, 
Also included are three reference 
tables describing weights, American 
standard screw threads, and a decimal 
chart. In addition data are included 
on a series of newly designed cup- 
point set screws. Set Screw & Mfg. Co. 
Circle No. 60, Reader Inquiry Facility, page 227, 


ELECTRONIC TRANSFORMER 
CORES—Making effective use of a 
series of charts, tables, and dimen- 
sional drawings, 16-page booklet pre- 
sents complete engineering data on an 
extensive series of standard cores for 
electronic transformers. Information 
is also provided on the dimensions 
of the various types, on the lamination 
thicknesses and materials in which 
the cores are available. Also covered 
are the tests made on the various 
cores and the method in which the 
cores are shipped. Moloney Electric 
Co. 

Circle No. 61, Reader Inquiry Facility, page 227. 


NON-CORROSIVE METAL FAST- 
ENERS—Accordion-type folder de- 
scribes and illustrates major types of 
fasteners that form part of an ex- 
tremely extensive line. Available 
metals and sizes of bolts, nuts, screws, 
washers, rivets, and special fasteners 
are covered. Data are made available 
for easy reference for design engineers 
interested in solving fastening prob- 
lems with non-ferrous or stainless steel 
metals. The H. M. Harper Co. 

Circle No. 62, Reader Inquiry Facility, page 227. 


CONTROL INSTRUMENTS—Con- 
taining 58 pages, catalog 1530 de- 
scribes all types of ElectroniK control 
instruments, which are used to meas- 
ure and control variables. Included 
are detailed specifications and other 
data on electric-type controllers. En- 
gineering information is also present- 
ed on the Electr-O-Line and Electr-O- 
Pulse electric control relays. Minne- 
apolis-Honeywell Regulator  Co., 
Brown Instruments Div. 

Circle No. 63, Reader Inquiry Facility, page 227. 


POLYESTER RESINS — Technical 
bulletin containing 24 pages describes 
a series of polyester resins that are 
100 per cent polymerizable alkyds de- 
veloped for the low-pressure fabrica- 
tion of reinforced plastics. Pointing 
out that the resins are used in com- 
bination with fibrous glass for motor 
shrouds and other applications, the 
booklet presents data on glass fibers 
utilized, fillers, fabricating methods, 
applications, and suggested catalysts. 
Property tables, curves, applications, 
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Another new development using 


B. F. Goodrich Chemical ~~ ~----. 


Lead-wire made by Scintilla Magneto Div., Bendix Aviation Corp., Sidney, N. Y. 
B. F. Goodrich Chemical Co. supplies the Geon paste resin for the plastisol compound only. 


Wine pe Sofon Flying 


Geon helps protect new lead-wire assembly 


IRCRAFT engine lead-wires for 
A carrying high voltage from the 
transformer coil to spark plug were 
tubber covered nickel braid. They fre- 
quently deteriorated quickly from the 
effects of ozone and engine heat. Result 
—higher maintenance costs, /ower 
safety factor. 

After months of experimenting, en- 
gineers came up with the answer: a 
lead-wire with an inner lining of plas- 
tisol made from Geon paste resin, plus 
two other layers of plastisol between 
the nickel braid. 


This lightweight, vinyl plastic im- 


pregnated lead-wire has the strong, 
waterproof, ozone and heat-resistant 
protection that was needed. A flexible 
metal tube insert for enclosing the 
wires is no longer required. And this 
Geon-helped lead-wire also resists the 
effects of mineral spirit solvents which 
are flushed on the engine during cleans 
ing operations. 

Plastisols made from Geon paste 
resin can be molded, cast, coated or 
dipped. They can be made resistant to 
oils, greases, heat and cold, abrasion 
and many chemicals. Perhaps Geon 
paste resin, or other Geon materials, 
can help you improve or develop more 


Inner lining of 
Geon-based plastisol. 


a 


saleable products. For technical bulle- 
tins, please write Dept. GH-5, B. F. 
Goodrich Chemical Company, Rose 
Building, Cleveland 15, Ohio. Cable 
address: Goodchemco. In Canada: 
Kitchener, Ontario. 





GEON RESINS e GOOD-RITE PLASTICIZERS . . . the ideal team to make products easier, better and more saleable 


GEON polyvinyl materials ¢ 
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HYCAR American rubber e 


GOOD-RITE chemicals and plasticizers ¢ 
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“BUTTER CONSISTENCY 


with this 
Westinghouse 


: Re “Tri-Snap control 
TFPI SEQ 
PN 


S eeuminumneannansiapelll 


ADJUSTING SCREW 
SILVER CONTACTS 
*TRI-SNAP BI-METAL ASSEMBLY 
MOLDED CERAMIC BASE 
MOUNTING PLATE 








Product of Westinghouse Electric Corporation, 
Meadville, Pennsylvania 


Westinghouse Tri-Snap® thermostats in butter warmer compartments 
of household refrigerators permit storing butter at a temperature 
higher than that of the food storage compartment. Thus a housewife 
can select a butter temperature that assures her the spreading con- 
sistency she desires. The snap action, quick make-quick break, is 
largely dependent upon precise Chace Thermostatic Bimetal. 


The butter compartment is warmed by a molded wire resistor 
under the box. The crimping of the outer edges of the slotted 
bimetal element shortens the over-all length, placing the center 
section under compression. As the bimetal deflects due to the rise 
and fall of ambient temperature, the “oil-can” effect of the distorted 
center causes a sharp make-and-break contact with the resistor. 
Opening the gap between contacts lengthens the “off” period, hence 
the spreading consistency may be controlled to the queen's taste. 


Chace engineers, recognized authorities on temperature responsive 
devices invite you to consult with them before designing your new 
temperature actuated control. Our 29 types of thermostatic bimetal 
are available in strips, coils, random long lengths and welded or 
brazed sub-assemblies. Write for our 32-page booklet “Successful 
Applications of Chace Thermostatic Bimetal.” 


Pe ee 


AED Vell UCT STAVE 


1608 BEARD AVE., DETROIT 9, MICH. 
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and other pertinent data are pre- 
sented. Also given is a list of raw 
materials suppliers. General Electric 
Co., Chemical Div. 

Circle No. 64, Reader Inquiry Facility, page 227 


INVESTMENT CASTINGS-—Steps in 
the production of the company’s in- 
vestment castings are discussed and 
illustrated in an eight-page brochure, 
Briefly pointed out are the savings 
achieved in short runs of reproduc- 
tions of intricate machine parts cast.to 
close tolerances. Castings are avail- 
able in a wide variety of ferrous and 
non-ferrous alloys. Case histories are 
included. Jelrus Precision Casting 
Corp. 

e No. 65, Reader Inquiry Facility, page 227 
BALL BEARINGS—In an 42-page 
catalog data are presented on a wide 
variety of ball bearings and other 
anti-friction products. Among the 
types of bearings illustrated and de- 
scribed are: single-row round radial 
bearings; single- and double-row un- 
ground radial bearings; unground 
thrust bearings; and other types and 
combinations. Applications, design 
features, and other pertinent informa- 
tion are provided. Nice Ball Bearing 
Co. 

rcle No. 66, Reader !nquiry Facility, page 227 


PERMANENT MAGNETS—Data are 
presented in a 12-page catalog on a 
complete line of standard permanent 
magnets available in alnico 2, 3, and 
5. Also discussed are the availability 
of alnico 5, 5-E, 6, and 7, which are 
oriented alloys. Useful reference ma- 
terial is provided on alnico grades and 
their properties, as well as on a mag- 
net charger. Also covered are facil- 
ities for designing, engineering and 
producing magnets for specific appli- 


cation. Thomas & Skinner Steel 
Products Co., Inc. 
Circle No. 67, Reader Inquiry Facility, page 227 


SPHERICAL ROLLER BEARINGS 
—Revised 28-page bulletin describes a 
wide variety of self-aligning spherical 
roller bearings and provides engineer- 
ing data on life expectancy, capacity 
ratings, installation, and other perti- 
nent information. Information is pre- 
sented in tabular form on threads, 
lock nuts and lock washers. Helpful 
reference materia] is provided and all 
bearing types are illustrated in cross- 
section. The Torrington Co. 


Circle No. 68, Reader !nquiry Fa y, page 227. 


ELECTRIC CLUTCHES, BRAKES 
AND CONTROLS- Illustrated 8-page 
pamphlet presents specifications and 
dimensions, as well as additional 
data, on: electric clutches and clutch- 
couplings; electric brakes; motor 
brakes: clutch-brakes; and controls 
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your HORSEPOWER sense! 


Do you know the H.P. 
needed for these products ? 





CHECK ©) Uhp. () y-hp. () hp. () Yop. 


Check! Practically all of today’s top-notch clothes dryers use one-third h.p. 
motors. But did you know that many clothes dryers are powered by Delco Motors? 
It’s true . . . manufacturers of home appliances count on Delco dependability. 


CHECK Cy eh. () Yap. () Yop. () 34-hp. 


Yes ... all the above horsepower ratings are in use on water pumps .. . and 
Delco manufactures motors with each of these ratings. For use on rotary and 
reciprocating pumps. That’s one reason why so many makers of pumps call on 
Delco for every motor need. 








mit one. 6) Yop. () hp. () Yot.p. () Yo-hp. 


You win again. The vast majority of disposal units sold today are powered by 
one-third h.p. motors. One-third h.p. Delco Motors, that is! Disposal unit makers 
know from experience how Delco Motors stand up on the job... provide 
satisfying, trouble-free service through the years. 


DELCO 


The best running mate 
your product can have! 


DELCO PRODUCTS 


Division of General Motors Corporation, Dayton, Ohio 













SALES OFFICES: Atlanta « Chicago «+ Cincinnati + Cleveland 
Dallas + Detroit * Hartford « Philadelphia + St. Lovis « San Francisco 


DAYTON OHIO 
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Another Proof of 


KUHN : JACOB 


Molding Skill 





The housing shown above for this 


HEINEMANN 
Silic-O-Netic Relay 


is ample evidence of the accurate plas- 
tic molding done by this 34-year-old 
company. We have met the exacting re- 
quirements of the Heinemann Electric 
Company for more than 20 years. 


Not only do we have a design and en- 
gineering staff thoroughly familiar with 
plastic materials and methods, but we 
maintain a complete mold making shop 
for production of the dies themselves. 
Thus we are able to exercise absolute 
control from design to finished piece. 





When you need a molder with experi- 
2 ence and skill call on 


Kuhn € Jacob 


1204 SOUTHARD STREET, TRENTON 8, N. J. 
Telephone Trenton 4-5391 





Ss. C. Ull ,55 W.42nd St., New York,N.Y. 
CONTACT THE Talipiane -= Foun 6-0346. 
K & J Wm. T. Wyler, Box 126, Stratford, Conn. 
REPRESENTATIVE Telephone — Bridgeport 7-4293 
NEAREST YOU Wm. A. Chalverus, Carson Road, 


Princeton, New Jersey 
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for operating electric brakes and 
clutches. Operation, advantages, spe- 
cial features, and other pertinent in- 
formation are given. Applications are 
covered and a table of contents is 
provided. Warner Electric Brake & 
Clutch Co. 

-ircle No, 69, Reader Inquiry Facility, page 227. 
MINIATURE MOLDED CAPAC. 
ITORS—Superseding earlier engineer- 
ing bulletin No. 205-E, this new bul- 
letin provides complete data on sizes 
and ratings for small-sized capacitors 
which are suitable for miniaturization 
work and encapsulated assemblies. It 
also contains additional ratings and 
a new molded capacitor size. Sprague 
Electric Co. 

Circle No. 70, Reader Inquiry Facility, page 227 


PRINTED CIRCUITS — Eight-page 
illustrated brochure discusses printed 
circuits, including conductor patterns, 
materials, plating, and copper-faced 
laminates. Data are also provided on 
printed components and tube sockets, 
use of flush-plated circuit patterns for 
commutators and switching arrange- 
ments, methods of assembly, and coat- 
ings and encapsulating compounds. 
Mentioned are facilities for the inser- 
tion of eyelets, terminal lugs, tube 
sockets and related hardware, as well 
as for design assistance. Photocircuits 
Corp. 
rcle No. 71, Reader Inquiry Facility, page 227 
TIMING AND COUNTING DE- 
VICES—In a condensed catalog con- 
taining 12 pages, information is pro- 
vided on a line of timing and counting 
devices for automatic operation. 
Timers are available in types ranging 
from a simple repeat-cycle model to a 
multiple circuit, adjustable reset unit. 
Timers and counters are supplied as 
individual units or with other associ- 
ated electrical components in a pack- 
age cabinet to accomplish this auto- 
mation. Specifications of the units 
available, as well as their applications 
are covered. Photographs and other 
illustrations are included. Eagle Sig- 
nal Corp. 
No. 72, Reader Inquiry Facility 
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SERIES MOTOR PARTS—Intorma- 
tion on series motor parts for built-in 
applications is contained in two 12- 
page bulletins. Bulletin GET-2297 
provides selection and application data 
through the use of charts, curves, for- 
mulas, diagrams, and cutaway views. 
Also discussed are such problems as 
ventilation, brush life, armature bal- 
ance, and backlash. Bulletin GEA- 
5665 highlights available engineering 
consultation service, reviews some 
typical design problems and describes 
a complete line of Type BA motor 
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C-Cores to meet any requirement 

For your single-phase applications, 
Arnold “C’’-Cores are available in 
any shape and quantity, and in any 
size from fractions of an ounce to 
hundreds of pounds . . . wound 
from Silectron strip in a wide 
range of ultra-thin and heavier 
gauges. (Sizes up to 10 Ibs. in 
12-mil strip; to any weight in 
thinner gauges.) 
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made from SILECTRON strip 
(grain-oriented silicon steel) 


The use of “E”’ cores, wound from grain-oriented silicon steel, results in 
weight and size reduction as well as higher efficiency and possible cost 
savings. ‘““E” cores can be supplied in a variety of window sizes and core 
areas from 1, 2, 4 or 12-mil Silectron strip, for high or low frequency 
3-phase applications. @ All Arnold cores are made by precision methods, 
and carefully tested under closely controlled conditions to assure highest 
quality and reliability. We’ll welcome your inquiries. 


WRITE FOR BULLETIN TC-105 


Wwa&D 46568 


THE ARNOLD ENGINEERING (COMPANY 


[NL General Office & Plant: Marengo, Illinois 
DISTRICT SALES OFFICES 
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Illustration shows 
Honeywell Mercury 
Switch installations 

on two windows (upper 
and lower) for 
complete burglar 

alarm protection. 


ADT finds 

Honeywell Mercury Switch 
~ OW ideal alarm protection 
Ciose-up view of sinew’ WHEN applied 


Mercury Switch installed in 
mounting cover of ADT alarm 


mount to tilted windows 


@ Electric protection services of the American District Tele- 
graph Company include the use of a Honeywell Mercury 
Switch as part of the burglar alarm protection applied to 
horizontally pivoted windows of the fenestra or projected type. 

When the window is closed, the switch is in its normal or 
protected position. Opening of the window activates the 
mercury switch and causes the alarm to be transmitted to the 
ADT Central Station. 

This use of the Honeywell Mercury Switches by ADT en- 
gineers is typical of the many uses for these versatile switches 
where tilt motion and low operating force are provided. Often 
the proper tilt motion can be developed and MICRO field en- 
gineers, experienced in switch application problems, are at your 
service to review your requirements as to mounting, actuating 
linkages, lead supports, terminal blocks and enclosures. 

There are more than 125 designs of Honeywell Mercury 
Switches from which to select the exact characteristics your 
application may require. Write for a catalog or contact your 
nearest MICRO branch office for complete information and 
engineering assistance. 


MICRO: 
MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


MAKERS OF PRECISION SWITCHES 


FREEPORT, ILLINOIS 
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parts rated from 4% to 2 hp, 3000 to 
15,000 rpm. Drawings, charts and 
other illustrations are included. Gen- 
eral Electric Co. 


Circle No. 73, Reader Inquiry Facility, page 227. 


LARGE MOLDED PLASTICS—D), 
cussion of trend toward use of large- 
size plastics moldings in “Executive 
Newsletter” includes industry predic- 
tion of 50 per cent increase in produc- 
tion in 1953, absorbing 25 per cent of 
thermoset plastics materials for such 
items as TV cabinets, air conditioning 
housings and refrigerators. Monsanto 
Chemical Co. 

Circle No. 74, Reader Inquiry Facility, page 227 


INSULATED WIRE AND CABLE- 
Making use of illustrations and tables, 
42-page catalog presents a line of in- 
sulated wire and cable, as well as 
cord sets. Several pages are devoted 
to the discussion of the insulating 
materials used and their physical char- 
acteristics. Applications and advan- 
tages of the products are stressed and 
specifications are provided for a vari- 
ety of cables, wires, cord and cord 
sets, flexible tubing, and wiring har- 
nesses. Useful reference information 
is included in the appendix and an 
index is also included. Phalo Plastic 
Corp. 

Circle No. 75, Reader Inquiry Facility, page 


INDUSTRIAL PUMPS-—In Catalog 
No. 107 curves, tables, and text are 
used to describe the features and ap- 
plications of a series of pump units 
with multiple V-belt drives for han- 
dling non-corrosive viscous liquids. 
Ratings, dimensions and parts dia- 
grams and specifications are provided. 
In catalog No. 100, covering positive 
displacement internal- gear rotary 
pumps for industry, data are pre- 
sented on principles of operations, 
applications, and the service for which 
the various types are designed, in- 
cluding machine tools. In Catalog No. 
101, data are presented on Model L 
Series small industrial pumps. Also 
covered are Model L motor-drive 
units. Dimensional diagrams are in- 
cluded and additional data are pro- 
vided in tabular form. Tuthill Pump 
Co. 

Circle No. 76, Reader Inquiry Facility, | 


PRECISION ELECTRIC MOTORS-— 
Pamphlet containing 24 pages de- 
scribes company facilities for the de- 
sign and manufacture of precision 
electric motors and presents data on 
the types and products produced. In- 
cluded are shaded-pole induction mo- 
tors, motor blowers, brush-type mo- 
tors, aircraft and radio d-c motors. 
Specifications and _ illustrations are 
also provided on induction motors, 
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TRAL 


ALL HEADS STYLES * ALL METALS 


RESEARCH—Aimed at superior products, Central’s years of 
exhaustive research on all types of pre-assembled lockwasher 
applications make possible the broadest use of the Sems 
method of fastening. 


KNOW-HOW-—Central’s Sems come to you with proven 
pre-determined specifications for the correct ranges of 
spring action, recommended types of washers (external—in- 
ternal—countersunk—large dome—ring diameter—helical— 
flat washers— Neoprene or fibre discs). 


QUALITY — Years of experience in fastener design and tool con- 
trol, coupled with high speed precision production equipment, 
insures top quality. Central’s Sems with Phillips Recessed, 
standard slotted, clutch heads obtainable with every type of 
pre-assembled washer, will reduce your costs. 


CHICAGO, IL, KEENE, NL, 






ee oe eo - - - 


LCC yh 


3501 SHIELDS AVE., CHICAGO 9, ILLINOIS 
3028 € ELEVENTH ST. LOS ANGELES, 23 CALIF. © 149 EMERALD ST., KEENE, N.H 
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induction-motor parts, and miscella- 
neous stampings. A classified list of 
available equipment is included. Uni- 
versal Electric Western Co. 


ircle No. 77, Reader Inquiry Facility 
ELECTRICAL 
ROLLER GEAR _ DRIVES — Illus- 
ENGINEER 


trated folder describes roller gear 
drives for intermittent motion or in- 
or’ ; dexing problems. Included is a six- 
page brochure providing information 
PHYSICIST on the selection of drives best suited 
for specific indexing requirements. 
with experience in 
RADAR 


to the 


page 227 
, Page 22) 


Topics discussed include: three fun- 
damental variables in an intermittent 
motion mechanism; primary consider- 
ations in determining torque require- 
ments, sample load determinations; 
and designing roller gear drives into 
original equipment. A second bulletin, 


Hughes Research and Develop- 

ment Laboratories, one of the 

nation’s leading electronics 

or organizations, are now creating 
a number of new openings in 
an important phase of their 

E LECTRON i cs operations. 


Here is 


THE COMPANY 


Hughes Research and De- 
velopment Laboratories, 
located in Southern Califor- 
nia, are presently engaged 
in the development and 
production of advanced 
radar systems, electronic 
computers and guided 
missiles. 


THE NEW OPENINGS 


The positions are for men 
who will serve as technical 
advisors to government 
agencies and companies 
purchasing Hughes equip- 
ment—also as technical con- 
sultants with engineers of 
other companies working 
on associated equipment. 
Your specific job would be 
essentially to help insure 
successful operation of 
Hughes equipment in the 
field. 


HUGHES 


what one of these positions offers you: 


THE TRAINING 


On joining our organiza- 
tion, you will work in the 
Laboratories for several 
months to become thor- 
oughly familiar with the 
equipment which you will 
later help users to under- 
stand and properly employ. 
If you have already had 
radar or electronics experi- 
ence, you will find this 
knowledge helpful in your 
new work. 


WHERE YOU WORK 


After your period of train- 
ing—at full pay—you may 
(1) remain with the Labor- 
atories in Southern Califor- 
nia in an instructive or 
administrative capacity, (2) 
become the Hughes repre- 
sentative at a company 
where our equipment is be- 
ing installed, or (3) be the 


Hughes representative at a 
military base in this coun- 
try or Overseas (single men 
only). Compensation is 
made for traveling and 
moving household effects, 
and married men keep their 
families with them at all 
times. 


YOUR FUTURE 


In one of these positions 
you will gain all-around ex- 
perience that will increase 
your value to our organiza- 
tion as it further expands in 
the field of electronics. The 
next few years are certain to 
see large-scale commercial 
employment of electronic 
systems. Your training in 
and familiarity with the 
most advanced electronic 
techniques now will qualify 
you for even more impor- 
tant future positions. 


How to apply: 
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No. 103, presents data in tabular form 
on standardized roller gear drives. 
Also discussed are the ability to pro- 
vide special-design drives for specific 
needs. Roller Gear Div., 
Machine & Tool Co. 


Circle No. 78, Reader Inquiry Facilit 


Ferguson 


Y, page 


PROTECTIVE COATINGS—Revised 
catalog, presenting data on _anti- 
abrasion and anti-corrosion plastics 
rubber compounds, provide informa- 
tion on an extensive line of industrial 
adhesive, coatings and sealing com- 
pounds. Included are rubber coatings 
useful for protecting electrically ener- 
gized equipment not only against cor- 
rosion and abrasion but also for in- 
sulation and for absorbing vibration. 
Magic Chemical Co. 

Circle No. 79, Reader Inquiry Facil 
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ige 227. 


GEARS AND GEAR TRAINS~—In an 
illustrated four-page brochure, infor- 
mation is presented on precision gears 
and gear trains for electromechanical 
devices and servo equipment. Also 
briefly described are a line of motor 
gear heads and special-purpose gear 
trains. Facilities are shown and di- 
mensional drawings are included. 
Bowmar Instrument Corp. 

Circle No. 80, Reader | y Facility, page 227. 
RESISTANCE WELDING-— Included 
in this 24-page catalog are the newly 
designed tips and holders added to 
the Ampco-Weld line. Information 
is also provided about the complete 
lines of holders, tips, seam welder 
wheels, and similar equipment. Ref- 
erence tables and comparative charts 
giving physical properties, applica- 


tions and RWMA specification data 
are also included. Ampco Metal, Inc. 
Circle No. 81, Reader Inquiry Facility, page 227. 


If you are under thirty-five 
years of age, and if you have 

an E.E. or Physics degree, 

write to the Laboratories, giving 
resumé of your experience. 


RESEARCH AND 
DEVELOPMENT LABORATORIES 


Scientific and Engineering Staff 
Culver City, 
Los Angeles County, California 


RELAYS, ASSOCIATED EQUIP- 
MENT — Twenty-four-page _ catalog 
presents illustrations and_ specifica- 
tions on a line of custom-made elec- 
trical relays and associated electronic 


Assurance is required that 
relocation of the applicant 
will not cause disruption of 
an urgent military project. 
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ic simplify your 


Services Available production problems 


Designing * Engineering 


ee dncrease your 
Die Making * Metallurgical Control 


design effectiveness. 
Most Modern Die Casting Equipment § ff , 
Complete Machining, Polishing and 


Assembly Facilities 
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DIE CASTING re 


CHICAGO, ILL., 4535 FULLERTON AVE....BRIDGEPORT, CONN., 275 WARRE 
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This precision audio 

amplifier, designed and built by 

Summit Electronics, Inc., of Summit, N. J., 

is intended for highly accurate laboratory 

measurements or for high-fidelity home music 

systems. The unit combines high signal-to-noise 

and low distortion factors with high power out- 

put (distortion less than 1% at full rated 30 

watts output). Uses negative feed-back on all 
stages. With high impedance output, response 
is flat + 0.2 db over entire 30 cy to 15 ke 

range. CHICAGO Sealed-In-Steel Power, 

Output and Input transformers are 

specified throughout for the 

precise and dependable 

performance required 

of the instrument. 


Terie Aw 


S-TYPE 


Used in these equip- 
ments. Steel base cov- 
er fitted with phenolic 
terminal board. Con- 





CHICAGO for 


PRECISION —_— 


STABILITY venient numbered 
LO solder lug termi- 
RUGGEDNESS nals. Flange- 


mounted unit. 


Distribution Amplifier 






ITC The vpa-2 Stabi- 
lized Distribution Ampli- : 

fier is a product of General 
Communications, Fort Atkinson, 
Wisc. This rack-mounted video 
amplifier is designed to accept a 
video or pulse-type signal at its 
input and to supply the signal, 
unchanged in level or other 
characteristics, to a maximum of 

four separate channels. The vpa-2 is 

conservatively designed for maximum stabil- _/ 
iets ity and continuous operation in TV broadcast | 
sae service. To achieve absolute dependability, the fil- / 
% ament transformer used is by CHICAGO. Where pre- : 
* cision and ruggedness are required, you’ll find 
CHICAGO—the world’s toughest 
transformers. , 
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\ Free “New Equipment” Catalog 

; You'll want the full details on CHICAGO'S New Equipment Line, cover- 
ing the complete range of ‘Sealed-in-Steel” transformers for every 


modern circuit requirement. Write for your Free copy of Catalog | 
CT-153 today, or get it from your electronic parts distributor. | 


Export Sales Div.: 
Scheel International, Inc. 
4237 N. Lincoln Ave. 
Chicago, Ill., U.S.A. | 
CABLE ADDRESS: 
HARSHEEL 


DIVISION OF ESSEX WIRE CORPORATION 


3501 ADDISON STREET, CHICAGO 18, ILL. 
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components. Data are presented on 
hermetically sealed midget telephone- 
type, relays, a model with Mycalex 
pile-up insulation, and other types. 
Relay mounting strips and _ brackets, 
contacts, coils and other products are 
covered. Sterling Engineering Co.. 
Inc. 

rcle No. 82, Reader Inquiry Facility, page 227 
WIRE CUTTING AND STRIPPING 
—Two-page data sheet describes the 
functions of a line of machines capable 
of automatically measuring, cutting. 
and stripping insulated wires, cords 
and cables. Pointing out that ma- 
chines in the line can cut wire at any 
length from 1 in. to 30 ft, and strip 
one or both ends up to 2 in., Bulletin 
35-C presents data on the newest 
tvpe, Model CS-6. Specifications, fea- 
tures, and an optional equipment are¢ 
covered. Illustrations are included. 
Artos Engineering Co. 
Circle No. 83, Reader Inquiry Facility, page 227 


CERAMICS—Containing a series of 
curves and tables, four-page brochure 
lists in tabular form the mechanical 
and electrical properties of AlSiMag 
ceramics. Two-page chart, suitable for 
mounting, lists in detail the properties 
of vitreous ceramic materials, lava, 
and refractories. The charts show 
thermal expansion, dielectric strength 
variation with thickness, and varia- 
tion with temperature. A series of 
selection charts is also included. 
American Lava Corp. 

Circle No. 84, Reader Inquiry Facility, page 227 


WELD DESIGN—No. 5 in the series 
of “Elements of Weldesign” deals 
with methods of shaping steel for low 
cost. System is based on analysis of 
cast components and selection of the 
least steel necessary to do the job. 
Typical beam sections are illustrated. 
The Lincoln Electric Co. 

Circle No. 85, Reader Inquiry Facility, page 227 


MOTOR REFERENCE BOOKLET— 
Motor and generator reference book- 
let, No. 51R7933, is designed to assist 
design engineers in the selection of 
motive power to handle most indus- 
trial applications. Containing 50 
pages, this booklet has been reprinted 
from a section of “Lincoln’s Industrial- 
Commercial Electrical Reference,” 
which cooperated with Allis-Chalmers 
in making available text and illustra- 
tions on integral-horsepower motors 
and generators. Allis-Chalmers Mfg. 
Go. 


Circle No. 86, Reader Inquiry Facility, page 227 


INDICATING AND CONTROL- 
LING PYROMETERS—Covering indi- 
cating and controlling pyrometers 
Types HP-1, -3, and -4, illustrated 12- 
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“For High-Accuracy, 


Long-Life Resistors we wind 
with O=-H Electrical Alloy Wire’ 





. +. 50 states INSTRUMENT RESISTORS COMPANY, of Union, New Jersey, manufacturers of 
IN-RES-CO quality-built resistors for every electrical and electronic application 


IN-RES-CO resistors are wound to meet the most critical re- 
quirements without excessive cost; standard inductive and non- 
inductive units are available in resistance ranges from 0.01 
ohm to several megohms—with power ratings from a fraction 
of a watt to 10 watts. Included, are types especially suited to 
counter excessive humidity, fungus, space limitations, and 
temperature rise. 

Says Instrument Resistors Company: ‘For 23 years, we 
have devoted our facilities exclusively to the development and 
manufacture of quality resistance components. The fact that 
today, with such a wealth of experience to our credit, we 
specify Nichrome, Karma, and D-H Manganin wire for wind- 


Nichrome 





ings, constitutes the strongest endorsement we can offer of 
these Driver-Harris products.” 

Nichrome*, Karma*, and D-H Manganin deliver top-level 
performance—their characteristic electrical and physical prop- 
erties remaining unchanged even under exceptionally exacting 
operating conditions. They are ready to go to work for you, 
too—as are more than 80 other Driver-Harris alloys. Profit by 
consulting with us. We shall be glad to make recommendations 
based on your particular needs . . . and are confident we can 
meet your resistance requirements with D-H alloys that will 
assure the best possible results. 


KARMA é ed y by 


Driver-Harris Company 


HARRISON, 
BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco 
In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario. 


NEW JERSEY 


MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD 

























PATENTS NO. 2618692 & 2620384 









Power Type 


Available over a range that in- 
cludes a few volts and milliam- 
peres of current to hundreds of 
volts and thousands of amperes. 
Fourteen cell sizes provide wid- 
est available range of selection. 












Radio Type 


Versatile low-cost rectifiers that have founa 
application in all types of electronic equip- 
ment as well as radio and television receivers. 
A complete line is available. 


MEPENDABLE PUNE 


Embedments 


A recent ‘‘first’’ in the industry, Sarkes Tar- 
zian embedments offer the advantages of her- 


metically sealed rectifiers at a fraction of the 


Tid LT Te ee 
Diodes re) © : 


Currently available in two sizes, (1/8” and 5/16” housings) 
Sarkes Tarzian diodes are designed for use as limiters, bias 
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Es voltage, low current relay voltage and many other very low 
f y 

ke current applications. 

ra: 





—— High Voltage 


This popular line of tubular rectifiers 
offers the design engineer a compact— 
long lived high voltage—low current 
source of DC power. 








Please write, wire or phone for complete infor- 
mation on all types of Sarkes Tarzian Selenium 
Rectifiers. 


Sarkes Tarzian, Inc. 
RECTIFIER DIVISION 


Dept. M-4,415 N. College Ave., Bloomington, Indiana 
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page bulletin describes design fea- 
tures, applications, operation, 
struction, and specifications. It also 
contains data on such temperature 
equipment as thermocouple compo- 
nents and accessories, resistance ther- 
mometers, industrial resistance bulbs 
and similar equipment. General Elec- 
tric Co. 

Circle No. 87, Reader Inquiry Faci 
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GERMANIUM DIODES—Containing 
a cross-sectional view and other illus- 
trations of germanium diodes, four- 
page brochure describes the special 
design of the company’s line, as well 
as its features. Advantages are cov- 
ered and complete specifications are 
provided for available general-type, as 
well as for special-purpose models. 
Briefly noted are facilities for pro- 


ducing  special-order germanium 
diodes. International Rectifier Corp. 

ircle No. 88, Reader Inquiry Facility, page 227 
COILS, SOLENOIDS, TRANS- 


FORMERS-—Catalog No. 20 contain- 
ing 20 pages and many illustrations, 
describes various types of laminated 
solenoids, including available various 
sizes. Covered are applications, in- 
cluding use on machine tools and on 
other applications. Data are also pre- 
sented on: iron-clad solenoids for d-c 
service; coils; and oil-burner ignition 
and other types of transformers suit- 
able for a variety of uses. Case his- 
tories are included. Dormeyer Indus- 
tries. 

ircle No. 89, Reader Inquiry Facility, page 227 


MYLAR POLYESTER FILM—First 
of a series of detailed technical bulle- 
tins that will bring the reader up-to- 
date on available data on Mylar poly- 


ester film is Technical Bulletin No. 
1-2-53. Subject of the  18-page 


pamphlet are the physical, electrical 
and chemical properties of Mylar. 
Illustrations, tables and curves are 
provided, as well as other useful ref- 
erence material. E. I. du Pont de 
Nemours & Co. 

No. 90, Reader Inquiry Facility, page 227 


ELECTRICAL FITTINGS — Exten- 
sive series of cast alloy iron electrical 
fittings for rigid conduit and thin-wall 
electrical tubing dominate 174-page 
catalog 3200. Junction boxes are in- 
cluded. Connectors, couplings and 
unions are listed, also flexible cou- 
plings covered with metal braid. Line 
of plugs and receptacles includes 
heavy duty industrial types. Switch 
and fuse junction boxes are listed 
together with control station and 
pilot light devices. Magnetic motor 
starters are included under industrial 
control. Crouse-Hinds Co. 

Circle No. 91, Reader Inquiry Facility, page 227. 
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TINIING 


“\/ SYNCHRONOUS 
TIMING MOTOR 


GIVES YOU UP TO 
S TIMES THE TORQUE 


This “mighty midget” SX motor provides 
the power for a wide variety of timing de- 
vices, recording instruments, signal systems, 
traffic controls, and other similar control 
devices that require dependable perform- 
ance at constant speed. Available in many 
output speeds ranging from one revolu- 
tion’ per second to one revolution per day, 
the SX provides up to five times the power 
of most hysteresis clock motors of equiva- 
lent size. 


Write for Cramer Timing Device 

Catalog or specify Bulletin No. 

10A for complete information 
on the Model SX Motor. 


4 | ‘ “~\ " ; ; ; eae » = 3 eh. - . \ 


Interval Time Delay Time Cycle Running Time Pulse Hermetically Sealed Synchronous 
Timers Relays Totalizers Timers Meters Timers Military Timers Timing Motors 


the R. W. CRAMER COMPANY, INC. 


BOX 8,, CENTERBROOK, CONNECTICUT 


7CRB3 


MAY 1953 


























YOU CAN’T AFFORD TO 


Protect Your Product’s Reputation 
with UNILECTRIC WIRING SYSTEMS 


Year atter year . . . for over ten years 
. .. UNILECTRIC has produced millions 
of wiring systems, for more than 150 
leading manufacturers of electric and elec- 
tronic products. They meet the most exact- 
ing requirements and provide substantial 
savings to each customer. 


= 
z 


There is Only ONE — 
_ Standard of Quality at 
UNILECTRIC 


nibs abacntiss Se : 








This intricate wir- 
ing harness for a 
jet auto pilot must 
meet the most 
rigid specifica- 
tions. A pilot's 
life and perhaps a 
major battle de- 
pend on it, 


The same work. 
manship . . . the 
same standards of 
quality protect 
your product wir- 
ing and your pro- 
duct’s reputation 
for dependability. 





BE SURE 
iL Can Lil 
UNILECTRIC 
Orit a 
SiTieleigs| 
YOUR Standard 


To assure utmost 
dependability plus 
cost saving engi- 
neering assistance, 
low-cost. produc- 
tion, and ‘‘on- 
schedule deliv- 
ery’’, investigate 
UNILECTRIC today. 


Investigate UNILECTRIC Today! 


TULECT RIL 
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UNITED MANUFACTURING & SERVICE CO 
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Feature Article Reprints 





SELECTED feature articles from each issue 
of ELECTRICAL MANUFACTURING are re- 
printed in complete form for convenient 
filing and to avoid mutilating copies of 
the issue. 

New or recent reprints available 
through the Reader Inquiry Facility are 
listed immediately below; any qualified 
reader may secure single copies without 
charge. Following this listing of free 
reprints are combined reprints of several 
related articles on selected subjects; 
copies are available at prices stated, on 
orders accompanied by remittance. 


Titles Available Through 
Reader Inquiry Facility 


Note that each reprint described below 
carries a key number which is repeated 
in the reprint subject list in the Reader 
Inquiry Facility. On one of the postpaid 
return cards, circle numbers for the re- 
prints wanted and mail. Quantities are 
limited, and when the initial supply for 
any title is distributed the item is with- 
drawn and no more requests can be filled 


Two New Titles Now Ready 


These new feature article reprints are 
now available for distribution; single 
copies may be secured without charge 
through the Reader Inquiry Facility or 
by letterhead request. 
TYemperature-Humidity Evaluation of 

Plastics, May 1953, 8 pages. Realistic 

data for appraising electrical perform- 

ance under severe environmental con- 
ditions, based on results of special cy- 

cling tests. (115) 
British Developments in Embedded and 

Printed Circuits, May 1953, 12 pages. 

Review of current thinking and prog- 

ress, including automatic assembly 

methods, based on recent official re- 
ports; characteristics of embedment 
resins discussed and application cited 

for circuit in telemetering unit. (116) 


Earlier Titles Available 


For many of the reprints announced 
earlier, the initial print run has been 
distributed and no more copies can be 
supplied. Only those titles listed below 
are still available through the Reader 
Inquiry Facility as this issue goes to 
press, and quantities in some instances 
are low. 

Repulsion-Type Motors, September 1952, 
12 pages. Thorough review of the 
three major types and several varia- 
tions; detailed analysis and tabulation 
of operating characteristics. (132) 

Testing Insulation Systems for Rotating 
Electrical Machines, March 1953, 12 
pages. Complete text of proposed AIEE 
test code for functional evaluation of 
motor insulation materials reflecting 
current trends toward higher operating 
temperatures and smaller frame sizes. 
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Also included is Temperature Limits 
in Ratings of Electric Machines, in the 
same issue; full text of the recently 
changed AIEE standard No. 1, with 
revisions shown in boldface. (117) 
Design of Safe Control Circuits, April 
1953, 8 pages. Circuit design rules for 
machine tool controls aimed at elimi- 
nation of hazards to operator and 
equipment, as result of electrical fail- 
ure; based on operating and mainte- 
nance experience at Ford Motor Co. 
(137) 

Cooling Systems for Airborne Equip- 
ment, April 1953, 4 pages. Solutions 
to complex heat dissipation problems 
in electrical equipment designed for 
service on guided missiles and other 
high-speed carriers. (138) 
Application Factors for Electrical Re- 
solvers, March 1953, 8 pages. Ways 
of using these motor-like components 
as control elements in automation of 
industrial processes. (119) 
High-Torque vs. High-Slip Motors, 
March 1953, 8 pages. General discus- 
sion as an aid in matching motor oper- 
ating characteristics to load require- 
ments particularly during _ starting 
acceleration. (120) 
Pushbuttons and Selector Switches, Feb- 
ruary 1953, 8 pages. Survey of avail- 
able types for remote control of indus- 
trial machine drives; for automatic 
cycle control as well as simple starting 
and stopping. (124) 
Evaluation of Core Materials for Mag- 
netic Amplifiers, January and February 
1953, 16 pages. Combined reprint 
of two-part article discusses data ob- 
tained by flux-current loops; evalua- 
tion of effect of shape, method of 
fabrication, wave form, temperature 
and material on performance of cores; 
effect of various design factors on a 
control curve, and an _ experimental 
circuit giving the curve in three 
steps. (125) 
Size Selection Chart for Ball and Roller 
Bearings, January 1953, 4 pages. 
Nomograph and table aid in selecting 
bearing size for a given speed, life 
and load capacity. (126) 
Safe Minimum Distances for Electrical 
Creepage and Clearance, January 1953, 
12 pages. Thorough investigation by 
Bureau of Ships results in recommenda- 
tions effecting savings in space and 
weight in industrial service. (118) 
NEMA Projects Sharp Cuts in Integral- 
Hp Motor Sizes, December 1952, 2 
pages. Reassignment of ratings for 
future frame design doubles the rating 
in some frames. (129) 
Ball Bearing Greases for Motors at Ex- 
treme Temperatures, December 1952, 
12 pages. Data from military and 
independent research correlated for 
the designer of industrial equipment; 
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ELASTIC STOP NUTS 
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...with the famous red elastic collar | ...the slotted tubular steel pin 
of nylon or fiber . with chamfered ends 
| For heavy duty applications where . Vibration-proof spring pins replacing 
precise adjustments must be main- rivets, set screws, straight, serrated 
tained against severe vibration or cotter pins, dowels 





& ELASTIC STOP NUT CORPORATION 





| 
cee aca cs ag cad ceva ae siuntenieniestestentententen 
Elastic Stop Nut Corporation of America 
Dept. N 21-522, 2330 Vauxhall Road, Union, New Jersey 
Please send me the following free fastening information: 
(C) Elastic Stop Nut Bulletin Here drawing of our 
C Rollpin Bulletin product. What fastener would 


‘ou suggest? 
(] AN-ESNA Conversion Chart = 
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Before you tie up funds in costly tools and dies, 
have Milford fastener-engineers analyze your 
product assembly need ... at the design stage, 
while plans are still flexible. It will save you 
money and headaches, reduce production ex- 
pense, speed up assembly time, and aid you in 
making a better product ... perhaps at a com- 
petitive price advantage! You can put these 
savings in your pocket by sending drawings and 
detailed description of your product fastening 
problem for Milford’s scientific solution. 


Write for your copy 
of the “Milford Method 
f for solving industry’s 

fastening problems’. 


THE MILFORD RIVET & MACHINE CO. 


853 Bridgeport Avenue, Milford, Conn. 
804 Illinois Ave., Aurora, Ill. 
1104 W. Rivet St., Elyria, Ohio 
24 Platt Street, Hatboro, Penna. 
713 So. Palm Ave., Alhambra, Calif. 
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longer ‘life indicated with sodium. 
calcium base, high-viscosity oil. (128) 


Starters for Squirrel-Cage Induction 
Motors, December 1952, 12 pages, 
Review of basic operating principles 
for manual and magnetic starters for 
both full-voltage and reduced-voltage 
types, as an aid in application. (127) 


Research Progress in Dielectrics—1952, 
December 1952, 12 pages. Causes and 
mechanisms of destruction and de- 
terioration in dielectrics, effects of 
high-energy radiation; new develop- 
ments in ferroelectrics. (121) 


Transistors and Transistor Circuits, No- 
vember and December 1952, 16 pages, 
Combined reprint of two-part article 
discusses theory of conduction; char- 
acteristics of point contact and junction 
transistors; d-c supply circuits for am- 
plifiers; applications to trigger circuits, 
sine-wave generators, oscillators and 
photodiodes; includes bibliography of 
15 references on other new develop- 
ments in electronic components. (135) 


Converting to Non-Nickel Stainless Steel, 
October and November 1952, 12 pages. 
Combined reprint of two-part article 
presenting data on relative corrosion 
resistance and mechanical properties; 
recommendations for fabrication by 
welding, brazing, spinning, stamping, 
machining and finishing; several case 
histories in conversion. (112) 


Magnetic Amplifier Definition, July 1952, 
8 pages. Concise summary of primary 
features, operating characteristics and 
basic circuits; approximate costs tabu- 


lated. (139) 


Prices for Bulk Quantities 


The above list includes all reprints 
currently available without charge. Note 
that only one copy is supplied free; if 
more than one copy of a title is wanted, 
bulk quantities may be purchased in lots 
of five or more at the prices given in the 
table below; prices vary with the number 
of pages in the reprint and the quantity 
in any one shipment. 

All orders must be accompanied by 
remittance, including 3 per cent sales 
tax for New York City deliveries. 


Quantity Number of pages in reprint 
ordered 4to8 12 16 24to 32 

5 $0.30 040 0.50 0.75 

10 0.25 0.35 045 0.60 

25 0.20 0.30 0.40 0.50 


Prices shown are per copy and include 
postage; quotations on larger quantities 
will be supplied on request. Since these 
prices do not provide for invoicing and 
accounting costs, purchase orders cannot 
be accepted unless accompanied by re- 
mittance. Send order with remittance to 


J. A. Campbell 
Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 
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Nature's 60 million-year-old secret becomes 


THE BIGGEST NEWS IN 


ELECTRICAL INSULATION! 


Just as Nature preserved insects in amber 
for millions of years, you can now seal fragile 
electrical components in “‘Scotchcast’”” Embed- 
ment Resin for dependable insulation and pro- 
tection against oil, moisture, chemicals and 
weather. It’s available in two forms to meet 
your special requirements. 

“‘Scotchcast”” No. 1 is a hot pouring resin of 
the epoxy type. It’s a solid at room temperature 
and is used with a solid hardener. Both the resin 
and the hardener are heated to 240°-250° for 
mixing and pouring. 

“‘Scotchcast”” No. 2 is a cold pouring epoxy- 
type resin that is supplied as a liquid. After 
liquid hardener is added, it cures and acquires 
protective and insulating properties similar to 
those of the hot pouring resin. 

For complete data on these remarkably 
tough new resins. write Minnesota Mining & 
Mfg. Co., Dept. EM53, St. Paul 6, Minnesota. 


SCOTCHCAST 


Electrical Embedment Resin 


hme iinet rset Bie te 


tive adhesive tapes made 
Rubberize¢ 
New Y« 
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Combined Reprints 


Because of the expense involved in 
producing these feature article reprints, 
the free service offered above cannot be 
extended to longer reprints, or to book- 
lets including several reprints on related 
subjects. The following titles therefore 
are available at a modest charge in- 
tended to cover printing, handling and 
postage expense. To keep expense to a 
minimum copies are offered only on re- 
quests accompanied by remittance (in- 
cluding 3 per cent sales tax for New York 
City deliveries). Send orders with remit- 
tance to: A 


J. A. Campbell 
Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


~, 





Wider Design Opportunities with the 
New Phenolics, June, July, and August 
1952, 28 pages. Combined reprint of 
this three-part feature discusses new 
resin formulations and new manufac- 
turing techniques for molding com- 
pounds and laminates; compounds with 
greater strength, stability, heat resist- 

ance and dielectric properties; includes 

special types of glass-fiber, synthetic 

fiber and epoxy-resin laminates, foam- 

type phenolics. 75 cents 


Adjustable-speed Drives, November 1952, 
24 pages. Concise, complete and sys- 
tematic survey of all the various types 
of electric motors, power conversion Jj 
systems and control methods available 
to solve adjustable-speed drive prob- 
lems; a guide for the selection of the 
proper drive for a given machine; 
comprehensive 8-page bibliography in- 
cludes references to texts and articles 
bearing on current trends. $1.00 | 





Applying Magnetic Amplifiers, 40 pages. 
Combined reprint of the four articles 
on “Applying Magnetic Amplifiers” by 
Dornhoefer and Krummenacher pub- 
lished in 1951, plus two related articles 
on the application of magnetic ampli- 
fiers to motor speed control. The series 


Manufacturers of Teflor* magnet a Me of four articles cover the effect of 
; | design factors on performance, and 
ES aM procedure | to follow in selecting the 
best combination of rating, power gain 
“- , a and core material for minimum size 

UA Ce - and cost. For a list of the articles in | 


this booklet see December 1952, page 
280. $1.50 


for Polytetrafloureothylene 


Overload Protection for Electric Motors, 
52 pages. Combined reprint of the 
complete series of eight feature articles 
appearing in ELECTRICAL MANUFAC- 





. a | T rari ‘ ache e j 
Hitemp Wires Ine. 26 Windsor : : TURING on various appro aches to the | 
problem of protecting motors and 
Yi a dead oe other power sources from overload 
ineola, Long isiand j 


while providing short-circuit protection | 
to circuits and wiring. Also included 
are four other shorter articles on re- 
lated subjects. For an annotated list of | 
these articles see the bibliography ap- | 
pearing in June 1952 on page 308. 
Subjects covered include: Interpre- 
tation of ratings, calculating motor- 
temperature curves, fuses vs circuit | 
breakers, dual-element fuses, thermal | 
, a overload relays, inherent overheat pro- 
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AIR COOLED COUPLINGS AJUSTO-SPEDE MOTORS 





LIQUID COOLED COUPLINGS UNIVERSAL DYNAMOMETERS 


D ynamatic Eddy-Current electro-magnetic equipment represents 
the ideal solution for a wide range of adjustable-speed drive 
problems, particularly where an AC power source is a require- 
ment. Typical applications include paper machine drives, cement 


mill drives, industrial truck clutches, press drives, crane brakes, 





fan drives—in fact, practically all test, processing, and conveying 


equipment common to industry. Instantaneous response and accu- Write for your copy of Bulletin 
GB-1 which describes and illus- 
trates the basic Dynamatic units. 


Nvuamatil’ C0 RPO RAT 0 N KENOSHA + WISCONSIN 
DYNAMATI( Subsidiory of EATON MANUFACTURING COMPANY, cleveland, Ohio 
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rate control are important advantages. 



























































MODEL 
202 


600 watts, 
6 Ib. capacity 


DRAKE 


Heovy duty pots to give rugged serv- 
ice. 1 Ib., 2 Ib., and 6 Ib. capacities, 


PROTECTIVE 
COVERING 


When you design or redesign a coil unit, remember: 
Proper covering is a coil’s first line of physical defense. 
Have our design engineers recommend the correct cover- 
ing to protect your coil. Coto-Coil Company, 63 Pavilion 
Avenue, Providence 5, R. |. New York Office: 10 E. 43rd 
Street, New York 17. 


ao So 


Coto <a>’ Coils 
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NEW. SOLDERING IRON..... 


... IGNORES MOISTURE 


iit Model 825. 225 watts 


Designed and built for heavy duty industrial use... 
COMPETITIVELY PRICED 
The Drake Vapor-Proof will outperform —out- 
wear —any soldering iron you have ever used! 
Exclusive SEALED ELEMENT keeps moisture 
and flux vapors out—ends corrosion that usually 
results from such seepage. Test elements oper- 
ated continuously under water for 30 days were 
undamaged! Ideal for production work. Baffle 
oT Tere plates keep handle cool. Underwriters’ Approved. 
Available in 225 and 125 watt sizes. 


Crier, FOO, atts. velit — CALL YOUR DISTRIBUTOR OR WRITE FOR FULL INFORMATION 
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Represented by: SURPLESS, DUNN & CO. THE RUGER COMPANY 
In Canada: W. R. ANDERSON & SON, Montreal! 


DRAKE ELECTRIC WORKS, INC. 


LINCOLN AVENUE CHICAGO 13, ILLINOIS 










tection and fully magnetic circuit 
breakers. $1.50 


Designing Servomechanism Systems, 56 


pages. Combined reprint of seven fea- 
ture articles on related phases of the 
design of feedback control or servo 
systems and four shorter articles on 
representative servo control applica- 
tions. Included are the four Herst ar- 
ticles on basic fundamentals of servo 
systems, types of systems, amplifiers 
and electrical and mechanical design 
factors. Three additional articles cover 
the full range of transducers includ- 
ing synchros, movable-electrode tubes, 
movable-core transformers, and a table 
listing and comparing 17 specific types. 
For a complete list of the contents of 
this booklet see March 1953, page 
294. Applications described are: con- 
tour follower systems, dynamic _bal- 
ancing machine, stress-strain recorder, 
motor speed control, hydraulic piston 
synchronizer, and others. $2.00 


Engineering Testing as a Design Tool, 


76 pages. Combined reprint of twelve 
articles published in  ELvecrricar 
MANUFACTURING in a planned program 
covering major phases of instrumenta- 
tion as a function of product develop- 
ment. Subiects include: engineering 
and environmental testing in the small 
plant; methods and equipment for 
sound and vibration; use of the vac- 
uum tube voltmeter, oscilloscope and 
high-speed photography in _ design; 
measurements of interrupted d-c non- 
sinusoidal a-c circuits. Also included 
are two articles on testing winding 
insulation in production and one on 
the problem of radio interference in 
r-f power equipment. For an anno- 
tated list of these articles see the 
bibliography appearing in October 
1952, page 346. $2.50 


Plastics and Dielectric Materials, 92 


pages. Combined reprint of fourteen 
articles reporting new and significant 
developments in new resins and insula- 
tions. Subjects include: fluorocarbons, 
silicone rubber, cast resin embedments, 
ceramic materials, glass-fiber paper, 
high-temperature insulation, behavior 
at radio frequencies and_ insulating 
varnishes. In addition to these 14 fea- 
ture articles, the combined reprint also 
includes an annotated list of more than 
80 articles published in Evecrrica 
MANUFACTURING during the past eight 
years on basic research and _ practical 
applications. For a complete table of 
contents for this new combined reprint 
see February 1953, page 409. $3.00 


Combined Reprints 
at Quantity Prices 
Grouping of orders makes possible 
substantial savings in handling ex- 


pense. Single shipments of quanti- 
ties of 5 or more on orders accom- 
panied by remittance are offered at 
reduced prices—given on page 377 
in this issue. 
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in this business 
| Wwe never stop 
learning \ 
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POWDER 
aD 
MORAINE 
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While we've had a large amount of experience (over 
a quarter century) in making billions of metal powder 
parts, there seems to be no limit to our learning. 
Always there is something new to learn, something 
valuable to add to our already vast store of knowl- 
so edge on the subject of powder metallurgy. 





We find new ways to improve the physical properties 
of our metal powder parts; we see a constant broaden- 
ing in the range of materials we can offer our cus- 
tomers; and the number of applications for our metal 
powder parts grows with our knowledge. 


We're proud of the position we've reached in the 
field of powder metallurgy ... but no prouder than we 
are of the way our products are able to serve in- 
dustry by improving performance while cutting costs. 
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JAN-C-76 HOOK-UP WIRE 


Types WL-SRIR-SRHV-SRRF 
standard colors. 


MIL-W-16878 
Types A B C D E and F for operations up to 


in all sizes. All 


+200°C available in all standard colors in- 


cluding Spiralon striping. 
EXTRUDED TEFLON HOOK-UP WIRE 


(Tetrafluoroethylene) Non-inflammable; resist- 
ant to chemicals (has no known solvent) tem- 
perature range +210°C to —90°C and below. 
Available in thin wall and specified hook-up 
wire sizes, with shield or jacket, as coaxial 
cable. 


SURCO HOOK-UP WIRE — ‘‘A-10” 


High grade vinyl insulation. Excellent resist- 
ance to deformation, high and low tempera- 
tures and aging. High electrical properties. 
Types available approved for continuous oper- 
ation to +105°C. 


AIRCRAFT WIRE 


Made to Military Spec. MIL-W-5086 and MIL- 
W-5274A. Nylon jacketed. Excellent resistance 
to abrasion, fungus, moisture and oils. 


SURFLENE INSULATED HOOK-UP WIRE 


(Extruded Monochlorotrifluoroethylene) Operat- 
ing temperature from +130°C to —60°C. 
High insulation resistance and dielectric 
strength. Excellent resistance to heat abrasion 
and most chemicals. Available in multi-conduc- 
tor cables. 


MINIATURE WIRE AND CABLE 


Made in conductor sizes down to No. 32 AWG 
in stranded and solid. Available in Spiralon 
colors. 


MULTI-CONDUCTOR CABLE 
Available in multiple conductor sizes from No. 
32 AWG and larger. Jacketing furnished in 
Surco, Surflene, Nylon, or to specifications. 
Available in unlimited spiral striped color 
code combinations and conductors. 

COAXIAL CABLES 
Many types approved and conforming to Jan- 
C-17A. Special designs including Extruded 
Tefion insulation. Please consult us. 

SURCO TUBING 
A high grade vinyl tubing available in special 
formulations (+105°C to —65°C). Standard 
compounds in stock in regular sizes. Also fur- 
nished in Polyethylene, Nylon, Extruded Tefion 
and Surfiene. 

SPIRALON 


Color coding available on all vinyl and poly- 
ethylene insulated wire, with or without Nylon 
or Surfiene jackets. One, two, or three spiral 
color stripes in standard Nema colors. 


Write today for technical assistance and samples 


ce ee 
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Associations 





NEMA Honors Bissell 


Carl H. Bissell, vice president in 
charge of engineering, Crouse-Hinds 
Co., Syracuse, N. Y., has been pre- 
sented a 50-year certificate by the 
National Electrical Manufacturers As- 
sociation. 

Mr. Bissell was awarded the cer- 
tificate in recognition of his service to 
the Association. As a member, he has 
represented Crouse-Hinds in a num- 
ber of NEMA sections, and _ since 
1934 has served on its Codes and 
Standards Committee. - 


Symposium on 
Electro-Magnetic Relays 


Sponsored by the School of Elec- 
trical Manufacturing of Oklahoma 
A & M College, Stillwater, Okla., is 
a symposium on the design, applica- 
tion and operation of electro-magnetic 
relays. Many phases of the complex 
subject of relays will be investigated. 
Expected to join in the discussion of 
the various problems are members of 
the Armed Services, equipment manu- 
facturers, and relay manufacturers. 

Among the subjects suggested for 
discussion are: testing of relays; re- 
lay standards for the equipment 
manufacturer; equipment manufac- 
turers’ comments on military stand- 
ards; and comparison of sealed and 
unsealed relays. Among the other 
suggested topics are the temperature 
rating of relays; dielectric strength 
and insulation of relays; a comparison 
of military and industrial testing of 
relays; and the time delay relay. 


Tool Engineers Elect Waindle 


At its 2lst annual meeting the 
American Society of Tool Engineers 
elected as its new president Roger F. 
Waindle. Mr. Waindle, vice president, 
Cannon-Muskegon Corp., Muskegon, 
Mich., succeeds L. B. Bellamy of De- 
troit. 

During the three days of the meet- 
ing 22 papers were presented by tech- 
nical experts. The 105-chapter organi- 
zation contains 25,000 members. 


RCA Receives Award 


The RCA Victor Division, Radio 
Corporation of América, Camden, 
N. J., has received the Freedoms 
Foundation’s George Washington 
Honor Medal for “outstanding 
achievement in bringing about a bet- 


ter understanding of the American 
Way ol Life during 1952.” 

The award was given to RCA Vic. 
tor for developing and _ utilizing a 
program for recruiting and training 
Negro engineers. Presentation of the 
award was made by Dr. Kenneth D, 
Wells, president of Freedoms Foun- 
dation, in Philadelphia. 


135 Papers Read at 
Electrochemical Society Meeting 


At its 103rd Meeting, held in New 
York, the Electrochemical Society 
held a number of sessions, including 
several on electric insulation and 
semiconductors. The technical  ses- 
sions extended over a four-day period. 


Merger of REMA 
and ACRMA Approved 


A proposed merger of the Refrig- 
eration Equipment Manufacturers As- 
sociation and the Air Conditioning 
and Refrigeration Machinery Associa- 
tion was approved by the Boards of 
Directors of both Associations at 
meetings held recently in Hot Springs, 
Va. 

The new organization, to be known 
as the Airconditioning and Refrigera- 
tion Institute (ARI) will be set up 
as rapidly as the merger can be con- 
sumated and details can be worked 
out. In the meantime each Associa- 
tion will maintain its own staff. Of- 
ficial approval of the merger by the 
members of both Associations will be 
sought by mail ballot. The combined 
membership will exceed 150 firms. 


Steel Founders’ Society 
Bestows Annual Awards 


Observing its 51st Anniversary this 
year, the Steel Founders’ Society of 
America, meeting in Chicago, be- 
stowed its top honor, the Lorenz 
Memorial Gold Medal, on Henning 
A. Forsberg, vice president, Conti- 
nental Foundry & Machine Co., East 
Chicago, Ind. 

Award of the Society’s national 
Technical and Operating Gold Medal 
for 1952 was made to G. A. Lillieqvist, 
research director and chief metallur- 
gist, American Steel Foundries, also 
of East Chicago, Ind. 

John A. Rassenfoss, assistant re- 
search director, American Steel 
Foundries, East Chicago, received the 
annual Steel Foundry Facts award, 
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The greatly increased protection 












it made possible by the development 


of our high-temperature gray enamel 


- is the most important improvement of 

these resistors, but it is not all. True, 

: this enamel is thermo-shock-proof 

e and crazeless; but in addition 

3 

S, THESE RESISTORS OFFER... ¢ Special alloy terminals more securely fastened 


© Stronger core with higher resistance to vibration 
and shock. 


¢ Finer resistance wire—made to H-H specifica- 
tions, especially adapted to these resistors. More 
uniformly wound, so that failures under stress are 


to the ceramic body by spot-welding—highly resist- 
ant to corrosion. 

e All wire connections are protected by a positive 
non-corrosive bonding. 

The fixed, the ferrule and the flat types are espe- 
cially designed for and manufacturd in accordance 


a eliminated. 


- | HARDWICK, HINDLE, INC. 


with JAN-R-26A specifications. 






es 
. # Hardwick, Hindle, Inc. ‘ 
, ; ‘ St., Newark 5, N i 
Rheostats and Resistors t 40 Hermon St., Newark 5, N. J. ¥ 
al Subsidiary of # Please send additional information about your new resistors » 
al 7 e and rheostats. 8 
t, THE NATIONAL LOCK WASHER COMPANY a N 4g 
. Established 1886 a — a 
0 t Wali iasitninsenenesunssenttenitppiiatapiageateeiariiianeiamme agian 3 
Newark 5, N. J. U.S.A. ¥ Cc q 

ompany 
t » a 
: the mark of quality ; Addres : 
d, | i a 
% a 
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TYPE 11 


Miniature Telephone 
Type available in oa 
wide variety of contact 
combinations with 
moximum performance 
at minimum power 
input. 





TYPE 11P 


Adaptation of 
Standard Type 11 to 
plug mounting for 
rapid installations and 
change-overs. 


Pee CMe al CCD ay 


Specialists in hermetically sealed re- 
lays to the highest quality standards. | 
Over fifty varieties of hermetically | 
sealed enclosures available. 








| 


r 
TYPE 11HP 


Available hermetically 
sealed or dust-tight: 
2-11/32” high x 
1-21/32” dia. 

Octal plug 

mounting. 





TYPE 11HS 


Hermetically sealed in 
contact combinations 
up to 4 P.D.T. with 
selder terminal or mini- 
eture plug mounting. 
Height 2-1/16” x 
1-7/16” x 1-5/8”. 








SPECIAL RELAYS 


to your 
specifications ) 


ae 





| 
| 


MAGNECRAFT 


ELECTRIC COMPANY | 


| 


1446 W. VAN BUREN ST., CHICAGO 7 | 
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for excellence of material published in 
the Society’s technical publications. 


ASME Holds First Annual 
Engineering Management Conference 


Among the topics discussed at the 
Engineering Management Confer- 
ence, recently held in Detroit and 
sponsored by the American Society of 
Mechanical Engineers, was: “The 
Executive Responsibility to Stimulate 
Research and Product Development,” 
a paper by W. F. Rockwell, Jr., presi- 
dent, Rockwell Manufacturing Co., 
Pittsburgh. 

Other papers included: “Physical 
Facilities for Effective Engineering,” 
by M. J. Kelly, president, Bell Tele- 
phone Laboratories, New York; and 
“Extending Engineering Skills with 
Modern Digital Computers,” by Allen 
Keller, General Electric Co., Lynn, 
Mass. 


| ASA Appoints Graham 


Appointment has been announced 


| of Virgil M. Graham, Sylvania Elec- 


tric Products, Inc., Bayside, N. Y., as 
chairman of the Communications and 











May 9-15—Annual Meeting and 
Conference, sponsored by The So- 
ciety of the Plastics Industry, Inc., 
Cruise to Bermuda. 


May 11-13—National Conference on 
Airborne Electronics, sponsored by 
the Dayton Section and the Profes- 
sional Group on Airborne Elec- 
tronics of the Institute of Radio 
Engineers, Dayton Biltmore Hotel, 
Dayton, Ohio. 










May 22-23—Spring Meeting, Soci- 
ety for Experimental Stress Analysis, 
Hotel Shroeder, Milwaukee. 


May 27-28—Seventh Annual Con- 
vention, American Society for Qual- 
ity Control, Convention Hall, Phila- 
delphia. 






June 9-10—Symposium on Electro- 
Magnetic Relays, sponsored by the 
Oklahoma A & M School of Engi- 
neering, Stillwater, Okla. 







June 15-19 — Exposition of Basic 
Materials for Industry, Grand Cen- 
tral Palace, New York. 











June 15-19—Summer General Meet- 
ing, American Institute of Electrical 
Engineers, Hotel Chalfonte-Haddon 
Hall, Atlantic City. 


June 16-19—Welding and Allied 
Exposition, sponsored by the Ameri- 
can Welding Society, Shamrock Ho- 





Calendar of Meetings 


ELECTRICAL 


Electronics Division of the Electrica] 
Standards Board of the 
Standards Association. 

Because of this position, Mr, 
Graham also becomes vice chairman 
of the Electrical Standards Board, the 
group responsible for the administra- 
tion of the standardization work of 
the ASA in the electrical and elec- 
tronic fields. 

Mr. Graham is also technical ad- 
visor on electron tubes to the U. §., 
National Committee of the Interna- 
tional Electrotechnical Commission 
(IEC). 


American 


AIEE Awards Lamme Gold Medal 


The American Institute of Elec- 
trical Engineers has awarded the 1952 
Lamme Gold Medal to I. F. Kinnard, 
General Electric Co., West Lynn, 
Mass. 

The Medal has been awarded to 
Mr. Kinnard “for his outstanding con- 
tributions in design and developments 
in instrumentation and  measure- 


ments.” It will be presented during 
the Summer General Meeting of the 
Institute at Atlantic City. 





tel Hall of Exhibits, Houston, Texas. 


June 29-July 3—Annual Meeting, 
American Society for Testing Mate- 
rials, Hotel Chalfonte-Haddon Hall, 
Atlantic City. 


Aug. 19-21 — Western Electronic 
Show & Convention, jointly spon- 
sored by the West Coast Electronic 
Manufacturers’ Association and the 
Seventh Region of the Institute of 
Radio Engineers, Civic Auditorium, 
San Francisco. 


Sept. 28-30—Ninth Annual National 
Electronics Conference, Hotel Sher- 
man, Chicago. 


Sept. 30-Oct. 1—Aircraft Electric 
Equipment Conference, sponsored 
by the American Institute of Elec- 
trical Engineers, New Washington 
Hotel, Seattle, Wash. 


Oct. 6-8 — Fractional Horsepower 
Motors Conference, sponsored by 
the American Institute of Electrical 
Engineers, Fort Wayne, Ind. 


Oct. 14-16—Machine Tool Confer- 
ence, sponsored by the American 
Institute of Electrical Engineers, 
Hotel Cleveland, Cleveland, Ohio. 


Oct. 30-31—Semi-Annual Meeting, 
American Society of Tool Engineers, 
Dayton Biltmore Hotel, Dayton, 
Ohio. 
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© pigpids tight, apres 
insulation for 
 VRREGULAR surfaces 


- Varnished Fiberglas 






| 


The perfect insulation .... . which provides e Agent in all 
the desired electrical characteristics, high resistance principal cities 
to moisture, acids, alkalis and lubricating oil . . . . for 

irregular surfaces of transformer windings, bus bars 

and terminals, cable ends, conductor ee etc. Vartex 

Varnished Tapes comply with N.E.M.A. requirements. Technical 

literature available on request. 


NEW JERSEY WOOD FINISHING COMPANY 


ELECTRICAL INSULATION DEPARTMENT e WOODBRIDGE, N. J. 


Varnished Cambric Cloth 
Varnished Cambric Tapes 
Varnished Duck 


Silicone Varnished Fiberglas 
Silicone Rubber Fiberglas 
Silicone Varnish & Rubber Asbestos 
; Synthetic Resin Extruded Tubing 
Varnished Silk Makers of Synthetic Resinous Tapes 
Varnished Silk Substitute these other Polyethylene, Sheets & Tapes 
Cable Wrapping Tapes quality — “Varslot’ Combination Slot Insulation 
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Engineering 


Standards 


Revisions in NEMA Fhp Motor 
Standards 





The second set of revised printed 
sheets has been issued for NEMA 
Publication No. MG2-1951, “Stand- 
ards for Fractional Horsepower Mo- 
tors.” The revisions are dated March, 
1953. These sheets, together with 
those dated March, 1952, bring this 
standard completely up to date. 

A new section, MGI-4.19a has been 
added to cover “Operation of 220- 
volt General-purpose Induction Mo- 
tors on 208-volt Network Systems.” 
This indicates that the 220-volt motor 
operated on 208 volts will deliver 
about 11 per cent less locked-rotor 
and breakdown torques and draw 
from 0 to 4 per cent more line cur- 
rent at rated load as compared to 
operation at exactly 220 volts. Net- 
work systems normally have less volt- 
age variation than radial systems and 
are generally held to about a —5 per 
cent variation while 10 per cent drops 
are tolerated on radial systems. Hence, 
a 220-volt motor that delivers suffi- 
cient locked-rotor and breakdown 
torques on the minimum voltage of 
a 220-volt radial system will have 
essentially equal torques on the mini- 
mum voltage of a 208-volt network 
system. 

A new paragraph MGI-6.7a covers 
“Effects of Unbalanced Voltages on 
Induction Motors.” When line voltages 
applied to a polyphase induction mo- 
tor are not exactly the same, un- 
balanced currents will flow in the 
stator winding. A small amount of 
voltage unbalance may increase cur- 
rent to an excessive amount damaging 
the motor. Because of this, the Stand- 
ard advises that the motor user be 
warned of this possibility so that he 
can have it corrected. 

Copies of the complete Standard 
may be obtained from National Elec- 
trical Manufacturers Association, 155 
East 44th Street, New York 17, N.Y. 
Price is $2.50. 












HESE Industrial Gearmotors are 
built to stand up under all condi- 
tions. Here’s why — quality construction 
throughout, finest alloys for gears and 
pinions, accurate alignment, heavy- 
series ball bearings, rigid cast iron 
frames and precision production. 

A. O. Smith Gearmotors are offered 
in twenty-one standard speeds ranging 
from 780 RPM down to 13.5 RPM and 
in ratings from 1 HP to 50 HP. Stand- 
ard AGMA Classes I, II and III. Special 
output speeds and mounting arrange- 
ments available on request. 





FREE-— For 12-page 
engineering bulletin, write 
A. O. Smith Corporation, 
Electric Motor Division, 
1000 Webster St., Dayton 
4, Ohio. Or, Western Divi- 
sion, 5715 SMITHway St., 
Los Angeles 22, Calif. 


A set of five pages dated Oct. 10, 
1952, together with previous revisions, 
brings up to date NEMA standards for 

industrial control, Publication No. 
& ad | 1C1-1949. Included are new defini- 
ELECTRIC MOTOR DIVISION | tions for oil-tight pilot circuit units, in- 
| terconnection diagrams, and other ad- 
| ditions and revisions. The latest set of 
International Division, Milwaukee 1, Wisconsin | revised pages will be supplied upon 


| 
| Industrial Control 








Factories at Tipp City, Ohio and Los Angeles, California « Offices in Principal Cities 
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You know his first concern is you... 


CONFIDENCE is born in one look at the eyes... 
the set of the shoulders... “the cut of his jib”. 
In a second, you know he’s had years of training 
and weathered it well. You know you couldn’t 
be in better hands...and if anyone can get you 
there, he will. 

Yes, it takes years to build confidence like 
this, in any line. And the whole organization of 
Bristol Brass ... young yet experienced ... is 
keyed to keep the confidence that any promised 
shipment of Bristol Brass sheet, rod, or wire 
will get there at the promised time, if it’s 


humanly and mechanically possible to do so. In 
fact, that’s what “Bristol-Fashion” means...a 
term still in use that came to be first applied to 
the old clipper ships out of Bristol, England... 
always shipshape, correctly manifested, and 
right on‘time. 

The BrisTtoL Brass CORPORATION, makers of 
Brass since 1850 in Bristol, Conn. Offices or 
warehouses in Boston, Chicago, Cleveland, Day- 
ton, Detroit, Los Angeles, Milwaukee, New York, 
Philadelphia, Pittsburgh, Providence, Rochester. 


Grito Fak meas Brass or ite Best 
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For ACCURACY 
TEST with Menney 


... for Tenney Test Chambers are precision-engineered for maxi- ‘i 
mum efficiency and can be designed to simulate the complete range 

of temperature, atmospheric or pressure conditions found anywhere 

on earth—or above it to altitudes of 120,000 ft. plus! They attain 

sub-zero temperatures quickly, maintain them efficiently and provide 

full instrumentation for accurate evaluation 

of complete test data. 


TENNEYZPHERE ALTITUDE CHAMBERS 


Designed to withstand atmospheric pressure 
and to simulate global conditions of pres- 
sures, temperatures and humidities. Altitudes 
from sea level to approx. 80,000 ft. Tempera- 
ture range from plus 200°F to minus 100°F. 
Also simulates desired (20% to 95%) rela- 
tive humidity. 


TENNEY SERVO UNIT 


Portable air conditioning unit which may 
easily be attached to various types of labora- 
tory enclosures—impact machines; tension 
machines; torsion testers; cold boxes and 
similar equipment. Through its use, articles 
undergoing testing, aging or weathering can 
be subjected to wide variations of humidity, 
heat and cold. Photo shows servo attached to 
companion chamber, 


TENNEY TEMPERATURE 
AND HUMIDITY CHAMBER 


Designed for positive control of temperature, 
humidity and air circulation. Permits the accu- 
rate checking of physical quality, fragility, ten- 
sion and other factors. Also built to incorporate 
extreme low temperatures, to —100°F, 


TENNEY SUB-ARCTIC 
INDUSTRIAL CABINETS 


Designed for low-temperature testing of metals, 
radios, instruments, plastics, liquids, chemicals 
and pharmaceuticals, Temperature ranges of 
—40°F, —60°F, —95°F and —150°F are standard 
for each size. 


For further information on these and other 
Tenney test equipment, write to Tenney 
Engineering, Inc., Dept. AA, 26 Avenue A 
Newark 5, New Jersey. 


































request to holders of the original 
standard, the cost of which is $5.00. 
Address the National Electrical Manu- 
facturers Association, 155 E. 44th St. 
New York 17. 


Motors and Generators 


NEMA Standards for Motors and 
Generators, Pub. No. MG1-1949. Fifth 
set of revised printed pages perforated 
for loose-leaf binding, was issued in 
February. Important changes have 
been made in standard ratings and di- 
mensions, also frame assignments, in- 
cluding the new NEMA frame assign- 
ments for future design adopted 
November 15, 1952. New tests for per- 
formance have been added. The com- 
plete up-to-date publication can be 
obtained from the National Electrical 
Manufacturers Association, 155 East 
44th St., New York 17. Price $5.75. 





Book 


Reviews 


Proceedings of the National Electron- 
ics Conference. Volume VIII. Na- 
tional Electronic Conference, 852 
E. 83rd Street, Chicago 19, IIl. 
835 -+- xxix pp. $5.00. 


This is the eighth in the series of 
annual publications begun in 1945, 
and provides a complete record of 
the papers presented at the 1952 Na- 
tional Electronics Conference. Some 
100 papers are represented with ap- 
propriate charts, diagrams and tabu- 
lar data. As usual, it is an informative 
reference source of contemporary de- 
velopments. 

The papers are grouped in 22 log- 
ical sections, among them: Servo- 
mechanism Theory; Industrial Meas- 
urements; Magnetic Amplifiers and 
Servo Applications; Transistors; Radio 
Navigation; Radar and UHF Trans- 
mitters; Semiconductors; Computers; 
Electronic Instrumentation; and 
Waveguides. 

The appendix provides a catalogue 
of exhibitors at the 1952-.Conference, 
also a subject-classified index to Vols 
1-7, inclusive. 


Electrical Code Diagrams, Vol. II, by 
B. Z. Segall, McGraw-Hill Book 
Co., Inc., 330 West 42nd St., New 
York 36, 898 pages. $12.50. 


Like Vol. I, this highly illustrated 
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New potting material provides air-tight seal and great 





mechanical strength for circuits containing delicate components 


BPON RESIN 


gives you § basic advantages 


1. Outstanding adhesion. . . provides a 
moisture-proof, vibration-proof, metal-to- 
metal or metal-to-glass bond. Epon resin 
keeps its remarkable adhesion even during 
a solder bath . . . ideal for potting and 
embedding miniature components. 


2. High resistance to mechanical and 
thermal shock . . . permits rapid cycling 
between —90°F and +400°F without crack- 
ing or deforming. Even delicate tube assem- 
blies can take rough usage and high oper- 
ating temperatures without damage. 


3. High dielectric strength...even under 
extreme conditions of temperature and 
humidity. 


4. Exceptional dimensional stability 
. .. Epon resins set quickly with unusually 
low shrinkage and maintain this dimen- 
sional stability over wide temperature 
variations. 


5. Easy to use. . . Epon resins can be cast 
at relatively low temperatures. Complete 
cures can be obtained at 150°F in less 
than 2 hours. 


Write for information on the use of Epon resins in electrical and electronic applications. 


SWELL GHEMIGAL CORPORATION 


CHEMICAL PARTNER OF INDUSTRY AND AGRICULTURE 


EASTERN DIVISION: 500 Fifth Avenue, New York 36 - 


Atlanta + Boston + Chicago + Cleveland + Detroit - 
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WESTERN DIVISION: 100 Bush Street, San Francisco 6 
Houston + Los Angeles + Newark «+ St. Louis 
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Dry Type Transformers 
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Open Type 5 VA 110-24 Volt 
Transformer 


Type $1 150 VA 230/460-115 
Volt Transformer with Circuit 
Breaker 


You can now buy small specialty transformers for industrial 
control built to the same high standards that have chacter- 
ized larger | HEMI=BARY,| transformers for many years. 
They are... 


* Designed for [ HEAEBISEY,] service. 


* Vacuum pressure impregnated with moisture and corro- 
sion resistant varnish for | HEA48Ba2RY,| use. 


* Completely tested for applications. 


Sizes 5 VA and larger are available 
Write for complete details 







DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN —- 
Heat Treating Furnaces... Electric Exclusively 
Constant Current Regulators 

















book is based on the 1951 edition of 
the National Electrical Code. With 
background as a member of the Na- 
tional Fire Protection Association and 
the NEC Committee Code Making 
Panels, the author’s emphasis is on 
installation practices, as is the Code 
itself. Neverthless, there is informa- 
tion of value to designers of elec- 
trically energized products. 

The book is divided into five gen- 
eral sections dealing with equipment 
for general use, special occupancies, 
special equipment, special conditions, 
and communications systems. The 
chapter on special equipment relates 
to signs, cranes and hoists, elevators, 
electric welders, sound recording, or- 
gans, X-ray equipment, dielectric 
heaters and machine tools. It covers 
internal wiring as well as installation 
procedures. Considering the breadth 
of the subject, the machine tool dia- 
grams are disappointing and do not 
reflect current thinking, particularly 
as regards JIC standards. which are 
much in advance of the NEC. 

The section on Code 430, Motors 
and Controllers, is perhaps the most 
valuable part of the book for those 
concerned with built-in equipment. 
Protective devices and branch circuit 
protection for multimotored machines 
are well covered in illustrations and 
text. 


Vacuum-Tube Oscillators, by William 
A. Edson, John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16. 
476 pp. $7.50. 


Vacuum-tube oscillators are becom- 
ing of increasing interest to designers 
of electronic control circuits for ma- 
chines and equipment. Although os- 
cillator theory and circuits have been 
covered piecemeal in many publica- 
tions. This book is important in that 
it represents a collection of intensive 
discussions on the whole field of os- 
cillators. 

In the book, the author presents a 
systematic treatment of the many fac- 
tors that effect the behavior of vac- 
uum-tube oscillators. The viewpoint 
of design is favored over that of 
analysis because it is more in line 
with the needs of the engineers who 
intend to incorporate oscillator cir- 
cuits in their equipment. 

A clear and adequate exposition of 
the behavior of oscillators is con- 
tained in the book. Mathematics has 
been employed freely where it is 
helpful. Wherever possible, relation- 
ships have been developed from fun- 
damental considerations. The level of 
the treatment is directed toward the 
graduate of the usual four-year course 
in electrical engineering. 

The book begins with an unin- 
volved explanation of simple oscillator 
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Climatic extremes call for 
function-fitted* capacitors. 


Because Aerovox engineers have all climates at their 
finger tips, thanks to lab equipment second to none, they know 
precisely the meaning of sub-sub-zero temperatures . . . 
flying at 75,000 feet . . . elevated temperatures above the melting point 
of solder . . . extreme humidity . . . fungus problems. 


That is why Aerovox capacitors are 
so popular in all climes. 





*Aerovox capacitors can be fit- ; - 
ted to your circuitry, associated 
components and operational 
requirements, often at substan- 
tial savings, always for better ash 
performance, and never at ad- FITTED 
ded cost. Let us tell you about it. 











(Paps AEROVOX CORPORATION 
a Spat 








NEW BEDFORD, MASS. 
Hi-Qe pivision WILKOR ivision 
OLEAN, N. Y. CLEVELAND, OHIO 


Export: 41 E. 42nd St., New York 17, N.Y. © Cable: AEROCAP, N. Y. 
@ In Conode: AEROVOX CANADA LTD., Hamilton, Ont. JOBBER ADDRESS: 740 Belleville Ave, New Bedford, Mess. 
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circuits. Next in line, is a group of 
chapters devoted to the mathematical 
analysis of oscillator circuits, includ- 
ing the Nyquist criteria for analyzing 
stability. The balance of the book is 
devoted to discussions of specific 
types of circuits and of particular de- 
sign objectives in the use and appli- 
cation of oscillators. 

Some of the major chapters in 
clude: Conventional Harmonic Oscil- 
lators; Crystal-Controlled Oscillators; 
Practical Relaxation Oscillators; Lock- 
ing and Synchronization; Automatic 
Frequency Control; and Negative Re- 
sistance Oscillators. 


Electric Control Systems, by Richard 
W. Jones, Third Edition. John 
Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16. 511 pp. $7.75. 


This book is the outcome of experi- 
ence gained in teaching a course in 
motor control systems to senior col- 
lege students. The objective of the 
book is to integrate the student's 
knowledge of circuits, machinery and 
electronics. The author assumes that 
the reader has had the normal under- 
graduate preparation in circuit theory, 
electric machinery, electronics and or- 
dinary linear differential equations. 

Several chapters are devoted to dis- 
cussions of components of machine 
drives. These include a-c and d-c mo- 
tors, electromagnetic devices, and 
gaseous electronic switching devices. 
Other chapters on basic elements in- 
clude those on power amplifiers, sat- 
urable reactors and magnetic ampli- 
fiers, and motor protection devices. 

From this point the book goes into 
control circuits. Both analysis and 
graphical methods are used to de- 
velop basic ideas. The fundamental 
aspects of relay switching networks 
are developed. The concept of 
Boolean algebra is introduced for this 
purpose. Also considered are both 
relay and electronic counting circuits. 

The study of control introduces a 
new type of circuit problem, namely, 
that associated with relay or binary 
switching circuits which, although ex- 
tremely important in many engineer- 
ing activities, is notably lacking in the 
undergraduate curriculum. Relay 
switching problems require careful at- 
tention to the logical development of 
circuits that are to perform given 
functions and give, in effect, another 
dimension to conventional circuit 
theory. 

Most of the book is concerned with 
control systems having no feedback, 
although the fundamental concepts of 
feedback are introduced in the opera- 
tion of a few simple feedback con- 
trollers is analyzed. Considerable 
space is devoted also to the applica- 
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TO BACKTRACK SHELL TO GUN 
and destroy same 


Can projectiles be “seen” approaching and their flight back- 
tracked to locate the mortar or gun that fires them? This 
problem was simply reconciled with special computing 
equipment designed to be built right into the gun. The engi- 
neering of such a computer, the handling of such ballistic 


data, all falls into the pattern of previous Ford achievements. 


You can see why a job with Ford Instrument Company &é 
offers a’ challenge to young engineers. If you qualify, . 
there may be a spot for you in automatic control 
development at Ford. Write for brochure about products 


or job opportunities. State your preference. 
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This is typical of the problems that Ford has solved since 
1915. For from the vast engineering and production facilities 
of the Ford Instrument Company, come the mechanical, 
hydraulic electro-mechanical, magnetic and electronic instru- 
ments that bring us our “tomorrow” today. Control problems 


of both Industry and the Military are Ford specialties. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 
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650 F. 


STEADY OR WITH 
RAPID FLUCTUATIONS 


MYCALEX INSULATION CAN 
TAKE BOTH OF THOSE 
TEMPERATURE CONDITIONS 


It holds inserts tightly, and 
moves with the metals around 
it, because it has very nearly 
the same coefficient of thermal 
expansion as the most impor- 
tant metals of which inserts 
and casings are made. 


DESIGNER! UNCHAIN YOUR IMAGINATION! 


The destructive effects of high oper- 
ating temperatures, high ambient 
temperatures, thermal expansion as 
between metals and _ insulations, 
have caused you to make too many 
items too much bigger and heavier 
than they need to be. 


MYCALEX glass-bonded mica 
also is dimensionally stable, corona 
resistant, does not carbonize under 
arc, has no moisture absorption. 






Chatter-Less 
Brush Holder 


Plate Assembly 
for PA Timer 


Threaded 
Coil Form 


Coaxial Bushing & 


THERE ARE PLENTY OF OTHER USEFUL 
FEATURES . . . WRITE for the whole story 
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World's Largest Manufacturer of Glass-bonded Mica Products 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 
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116 CLIFTON BOULEVARD, CLIFTON, N.J. 
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tion and control of motor braking 


devices and to motor protection. 


The Design of Switching Circuits, by 
William Keister, Alistair E. Ritchie, 
and Seth H. Washburn, D. Van 
Nostrand Co., Inc., 250 Fourth 
Ave., New York 3. 556 pp. $8.00. 


This book presents the basic tech- 
niques of switching circuit design. 
Such techniques are applicable to 
simple control circuits as well as to 
telephone switching systems, digital 
computers, and other large control 
systems. Today, in a wide range of 
applications in industry, switching cir- 
cuits are used to perform a variety 
of complicated control actions and 
mathematical calculations. 

This book covers specifically the 
methods of using interconnected two- 
valued devices, primarily electromag- 
netic relays, in systems for automatic 
control. The treatment includes a 
brief description of circuit compo- 
nents; fundamental principles of relay 
contact network design, including 
switching algebra; design of basic cir- 
cuits to perform specific functions 
such as counting, memory, translat- 
ing. lockout, and selecting; and the 
integration of such functional circuits 
into systems. 

Also included is the application of 
switching algebra to electronic cir- 
cuit design. The techniques are appli- 
cable to the design of digital com- 
puters, automatic telephone switching 
systems, and other systems where re- 
sponse is a function of the combina- 
tion and sequence of discrete input 
conditions. The approach is based 
upon the logical interrelation of closed 
or open circuit paths rather than upon 
electric circuit theory. 

The objective of this book is to 
present the fundamental principles 
underlying the design of switching 
circuits rather than to describe the 
operation of specific circuits, except 
as an example. The material is com- 
plete within itself, no previous knowl- 
edge of switching is assumed. Ex- 
planations are given in considerable 
detail. A knowledge of elementary 
electrical circuit theory is the only 
requirement for reading. 

More than 400 illustrations of cir- 
cuits are included in the book. Also 
provided are problems to demonstrate 
the important phases of circuit design. 


Free Reprints 
Selected feature articles reprinted 
for convenience in filing are listed 


on page 226; single copies may be 
secured without charge through the 
Reader Inquiry Facility on page 
227 in this issue. 
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GLASS-BONDED MICA 


eRe ety 
FINE DIMENSIONS 


The highly accurate position- 
ing and spacing of inserts; the 
precise locating and contour- 
ing of profiles; all can increase 
when you try to get more 
capability into less space with 
electrical components. 


DESIGNER! UNCHAIN YOUR IMAGINATION! 


Look at this Telemetering Switch, 
made by the Mycalex Electronics 
Corporation. Components like that 
are possible when you have dimen- 
sional precision and stability to- 
gether with the highest average of 
desirable features ever found to be 
present in a single insulating 
material. 





STUDY those features . . . WRITE for the whole story 
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World's Largest Manufacturer of Glass-bonded Mica Products 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 
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ALL THE MATERIAL IN THE WORLD 
DOESN’T DO ANYBODY ANY GOOD IF 
IT CAN’T BE MOVED INTO PRODUCTION 


That movement of materials is sped immeasurably by material handling equipment, 
designed and produced by that alert industry. Thus, hundreds and thousands of 
tons of products are moved into production easily, safely, economically. Much of this 
tonnage is moved by equipment built, fastened and made stronger with Sterling Bolts 
and Nuts—because Sterling Bolt products in volume have proved their merit 
for more than 30 years. This is a matter of record with buyers of bolts and 
nuts in production quantities. 


We salute the great Materials Handling STERLING BOLT 
industry in Exposition at Philadelphia May 18-22 BOOTH #221 


STERLING BOLICN 


Manufacturing Plants in Chicago, Milwaukee, St. Louis GENERAL OFFICES: 367 W. ERIE ST., CHICAGO 10, ILL. 
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GLASS-BONDED MICA 


ALSO OFFERS 
Mees 


There are insulation problems that 
other materials will handle better. 

BUT engineers have found Myca- 
lex to be “the most nearly perfect 
insulator known.” 


Glass-bonded mica will not take 
as high temperatures as the cer- 
amics. 

BUT Mycalex will take enough 
so you can use it as inserts in die ° 
castings. 


Mycalex 400 is not the easiest 
material to machine for experi- 
mental parts or small lot production 
runs. 

BUT you can machine it readily 
if you follow simple instructions. 


DESIGNER! UNCHAIN YOUR IMAGINATION! 


MYCALEX ciass-s0npED MICA 


IS THE ONLY 


CERAMOPLASTIC 


It has the best features of ceramics 
wedded to the best features of plas- 
tics plus some highly special advan- 
tages of its own. When we say; 
“Write for the full story”, we mean 
that you will get the full story, bad 
points as well as good. 






WRITE for 
the full story 
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GENERAL OFFICES AND PLANT 


116 CLIFTON BOULEVARD, CLIFTON, N. J. 
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Men 


in Industry 





Organizational shifts in the Nauga- 
tuck Chemical Div., U. S. Rubber 
Co., have raised to the directorship of 
research and development, Dr. Earle 
S. Ebers, formerly sales manager of 
resins products. Dr. D. Lorin Schoene, 
goes from the post of manager of 
plastics development to the assistant 
directorship of research and develop- 
ment. Dr. Ebers has been associated 


with U. S. Rubber as a_ research 
chemist, and in other posts, since 
1937. 

Among industry’s milestone-mak- 


ers, F. Malcolm Farmer, after a half 





William F 
Little 


century of continuous service with 
Electrical Testing Laboratories, Inc., 
New York City, has retired as presi- 
dent, to be succeeded by William F. 
Little, former vice president. To Mr. 
Farmer, who now becomes honorary 
chairman of the board of directors, 
the past decade with ETL, Inc., was 
notable as one in which this enter- 
prise, employee-owned since 1942, in- 
creased its net income 100 per cent, 
paid off its mortgage debt, and ended 
“with a substantial surplus.” Aside 
from service to his own firm, Mr. 
Farmer has also held the presidencies 
of AIEE and ASTM. 

The incoming president, an engi- 
neer of photometry who has been 
identified with the lighting field since 
1903, is the designer of the “I. E. S.” 
portable lamp. Among other honors, 
Mr. Little became president of the 
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e Shorten out-of-service time 
e Assure proper reconnection 


e Save time and labor 


Pyle-National’s safe, easy to handle heavy 
duty plugs and receptacles quickly pay 
for themselves when used for connecting 
electrical equipment that must ever be 
relocated or disconnected for inspection or 
repair. 


Labor expense involved in disconnecting 
individual wires, (or breaking soldered 
connections), and marking wires and 
terminals is eliminated. The length of time 
valuable equipment is kept out of service 
is cut to a minimum. 

There is a Pyle-National connector for 
every application, including an explosion- 
proof series for hazardous locations. 


Write for detailed literature. 
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as QUELARC* 
heavy duty circuit 


breaking series. 


2, 3,and 4-pole. Rating up to 200 amperes. 


TRIPLOC* 
multiple-pole 
series. 

1, 2, 3, 4, 6, 8, and 
2-pole interchangeable and reversible 

contact units. 2, 3, and 4-gang units for 

up to 48 poles. 





Sold nationally 
through electrical distributors 


*T.M. Reg. 


THE 
PYLE-NATIONAL 
COMPANY 


1388 NORTH KOSTNER AVENUE, CHICAGO 51 





PYLET CONDUIT FITTINGS * FLOODLIGHTS 
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TRANSFORMERS 
by orm rs 


% 


DV aiees Inc. of Endicott, N. Y. se- 
lected Heldor Transformer Cans and Com- 
pression-type hermetic-seal bushings as ideal 


components because ‘inside and out” their. - 
ucts must meet the highest standards of 


quality.and performance. 


Whether you ces is military, ae 


or both it will pay you to investigate the 
money-saving, production-increasing and 
worry-eliminating possibilities of Heldor’s 
complete service —- Heldor cans with bush- 


ings assembled in can covers* . . .'all ready | 


for final operations in your plants. 7 


Get the facts . . . send — or specifications: 
and -quantities involved ., - convince your-. 


self. Write Today. 


P. S$. Heldor’ now: makes available seeeral 


__ sizes of drawn transformer cans, Ask for the : 


special “Drawn Can” bulletin. 


*Heldor has now standardized on stables 


steel weld studs. 
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HELDOR BUSHING & TERMINAL CO., INC. 


225 Belleville Ave. 


MAY 
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Bloomfield, N. J. 

















cannot see 


inside the product 






it pays to look “inside” the manufacturer 
Magnet wire cannot be judged by externals. Hidden manufacturing 
variables quickly show up in the winding room ... on the test rack 
... or out in the field. 


Producing magnet wire of much better than usual quality . . . especially 
in the finer gauges ... is Wheeler’s specialty. We invite users of this 
product ... whether large or small . . . to LOOK INSIDE WHEELER and 


see for themselves what we have to offer. Briefly, here is what you 
will find: 


A division of The Sperry Corporation, with all that means 
in background, up-to-the-minute facilities, excellent engineering 
and precision manufacturing standards. 


Production “under one roof” and under one control, from 
copper wire drawing to final inspection. 


Latest equipment for applying Formvar, Dipsol (liquid 
Nylon) and other modern insulation coatings as well as all 
types of natural and synthetic yarn insulation. 


Complete specialized enameling department. 


Comprehensive design engineering and manufacturing 
facilities for production of wire wound components, from basic 
coil to completed transformers and related equipment. 


If you are looking for a Dependable source with better than ordinary 
ability to help you, get in touch with us. 


WHEELER AA MAGNET WIRE 


AND WIRE WOUND COMPONENTS 
THE WHEELER INSULATED WIRE CO., INC., 1103 EAST AURORA ST., WATERBURY 20, CONN. 


Division of The Sperry Corporation 
14WHS52 
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Illuminating Engineering Society in 
1930, was one of the first 10 Fellows 
elected in 1944, and later chairman 
of the Board of Fellows. In 1950 he 
received the Society’s Gold Medal 
Award. 

Other recent ETL changes: Leon- 
ard J. Lewinson, elected as executive 





vice president; Norman D. Macdon- 
ald, as vice president. They have been 
with the Laboratories since the early 
1900's. 


Material and manufacturing con- 


trol at Engineering and Research 
Corp. will be handled by Robert F. 
Richards, recently appointed director 
in this field, according to company 
report. He retains his former respon- 
sibilities in directing the purchasing, 
sub-contract, stores control and gov- 
ernment furnished equipment admin- 
istration sections, and adds to these 
duties production planning, produc- 
tion engineering, estimation, tooling, 
plant engineering and maintenance 
for ERCO’s Riverdale plant. The 
latter is currently concerned with de- 
sign and production of Flightronic 
airplane simulators, airborne arma- 
ments, and machine tools. 


David A. Blevins has moved from 
chief engineer's post at Shank Metal 
Products, to Electric Regulator Corp., 
Norwalk, Conn., as production engi- 
neering supervisor. The same firm has 
also acquired as its new chief drafts- 
man, Allen Parkington. 


As part of a program to expand all 
phases of engineering activities in the 
production of dry-cell batteries, Gen- 
eral Dry Batteries, Inc., Cleveland, 
has named James L. Byrom director 
of engineering. Byrom for the past 
five years has been vice president 
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C.T.C.’s new CST-50 capacitor 


with greatly increased range, greater stability 


(1) pee 


(2) 


(4) 


eo 


(5) S&S 


Exploded view of the CST-50 capacitor 
shows: (1) ring terminal with two soldering 
spaces; (2) metallized ceramic form; (3) 
spring-type S-shaped tuning sleeve*; (4) 
split mounting stud; (5) locking nut. 


* Patent Applied For 
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Surpasses the range of capacitors 
many times larger in physical size. 


The new CST-50 variable ceramic 
capacitor embodies a tunable* element 
of such unusual design it practically 
eliminates losses due to air dielectric. 
As a result, a large minimum to maxi- 
mum capacity range (1.5 to 12 MMFD) 
is realized — despite the small physical 
size of the capacitor. This tunable* ele- 
ment is a spring-type, S-shaped tuning 
sleeve* which maintains constant maxi- 
mum pressure against the inside wall of 
the ceramic form. 


Other Design Features 


The CST-50 stands only 19/32” high 
when mounted, is less than %4” in di- 
ameter and has an 8-32 threaded 


CAMBRIDGE THERMIONIC 
CORPORATION 


custom or standard... the Staranteed components 


Write for Free Catalog #400 containing complete data on the entire CTC line. 


mounting stud. The mounting stud is 
split so that the tuning sleeve* can be 
securely locked without causing an un- 
wanted change in capacity. The tuning 
sleeve* is at ground potential. The 
CST-50 is provided with a ring ter- 
minal which has two soldering spaces. 


All C.T.C. materials, methods and 
processes meet applicable government 
specifications. For further information 
on C.T.C. components and C.T.C.’s 
consulting service (available without 
extra charge) write us direct. Cam- 
bridge Thermionic Corporation, 453 
Concord Avenue, Cambridge 38, Mass. 
West Coast manufacturers contact: 
E. V. Roberts, 5068 West Washington 
Blvd., Los Angeles and 988 Market St., 
San Francisco, California. 
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SPECIAL BIPISUGe 


Have Many Applications 


“"Ken-Seal" Moulded Units 


There are many transformer applications in which hermetic sealing can be achieved 
more desirably than with metal casings. This is especially true where weight, space 
and cost are important factors. To satisfy this demand Kenyon has introduced “Ken- 
Seal” moulded transformers which meet all government specifications. The moulded 
process was chosen in preference to dipping or encapsulation because it produces a 
finished product of controllable, definite dimensions, with a uniform amount of 
sealing thickness. 


An easily mixed casting resin is used, with cast separable moulds for large produc- 
tion or small strippable moulds for smaller quantities. This simple process insures 
uniformity and efficient sealing at low cost. “Ken-Seal” moulded units may be the 
answer to some of your transformer problems. Send us your inquiries. We're in 
production now. 


No matter what your transformer requirements may be con- 
tact Kenyon first. Our engineers will endeavor to show you 
how you can increase efficiency at low cost by choosing a 
transformer from the complete Kenyon line. 


KENYON TRANSFORMER CO., Inc. 
840 Barry Street, New York 59, N. Y. 








and general manager of Chandler- 
Evans Div. of Niles-Bement-Pond 
Co., West Hartford, Conn. 


Emery J. Szabo is to be responsible 
for all new product development at 





Leece-Neville Co., Cleveland, Ohio. 
He was recently named chief engi- 
neer of the firm, with which he has 
been associated since 1942 as design 
and development engineer, respec- 
tively. 

Several recent engineering person- 
nel changes at Mills Industries, Inc., 
Chicago, include the promotion of 
two executives to vice presidencies, 
placing Fred L. Mills, Jr., in charge 
of engineering, and Walter F. Her- 
mann in charge of manufacturing. 
Also on the new appointment list are 
Roy E. Anderson, as quality control 
manager, and Ernest J. Prisbe, as 
supervisor of product development 
and research. Mills Industries manu- 
factures beverage coolers, dispensers, 
ice cream and frozen custard equip- 
ment, and related products. 


General Electric Co.’s Locomotive 
and Car Equipment Dept. Laboratory 
at Erie, Pa., welcomes a new man- 
ager in Marvin J. Kolhoff, who suc- 
ceeds E. H. Horstkotte, retired. Mr. 
Kolhoff has been with the company 
since 1939. 


Victoreen Instrument Co., Cleve- 
land, Ohio, announces the appoint- 
ment of Willftam W. Managan as chief 
engineer of the instrument division. 
Mr. Managan, formerly a senior phys- 
icist specializing in geiger tube and 
ionization chamber development, 
joined Victoreen in 1947 after serv- 
ing three years in radar design with 
the Naval Research Laboratory in 
Washington. 


Expanding research and engineer 
ing activities of Aircraft Transformer 
Corp., Long Branch, N. J., in the 
field of high temperature transformers 
and miniaturization are to be coordi- 
nated by Max Skobel, recently ap- 





| pointed director of engineering and 
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Sa 
by U’S*Steel Supply 
RI TIARA LIA Ch 


WAREHOUSE SUPT. 


P ? a? 
yet PETE Tea mee cl 4 ae ited a0le) IED 


OFFICE MANAGER CREDIT MANAGER PRODUCT SPECIALIST WAREHOUSEMAN ASS'T. DIST. MANAGER 


our “‘speed specialist’ keeps 
your order on the move! 


@ As soon as your order is ready, our trafic manager gets it out of our 
warehouse and into your plant as fast as possible. If you specify de- 
livery or routing instructions, he will see that they are followed exactly. 
If you leave the routing up to him, he will schedule delivery so as to 


give you the best possible protection in the matters of both cost and 
service. 





When your order needs special handling, you can get the personal at- 
tention of our trafic manager through your U. S. Steel Supply salesman. 


U.S. STEEL SUPPLY 


DIVISION 


TRAFFIC MANAGER 


General Office: 
208 So. La Salle St., 
Chicago 4, Ill. 


Warehouses and Offices 
Coast to Coast 
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iature 
'damped control motor 
type 17 ID.... 


... for servo and 
instrument applications 


SERVOMECHANISMS, Inc. Type 171D2-8 is 
a balanced 2-phase, 26-volt, 5500-RPM FEATURES OF 
400-cycle damped induction motor DAMPED 


employing a drag cup and an axially 


CONSTRUCTION 
adjustable magnet to achieve velocity 
damping This design provides cela vari- DESIGN 
able and smoothlinear velocity damping INCLUDE 


and lower operating temperature. The : 
; ®@ Cogless Damping 
desired degree of viscous damping is 
4 itt. ®@ Zero Residual Noise 
achieved by operating setscrew Signal 


adjustment ® Constant Damping 


| ®@ Lower Inertia 
The non-damped induction control 


motor 1712-8 of 8,000 RPM is also 


available 


®@ Lower Cost 


Write to Dept. CLO-3 
for specific information 
on motors. 


OTHER INSTRUMENT MOTORS 
eeeee Hysteresis Synchronous design, Type 
I7HI-8 for 26 volts and Type I9H for 115 
volts in speeds of 8,000, 12,000, and 
24,000 RPM are available for various ne we. 
applications. Special windings and exter- . 
nal shaft configuratisn can be provided 
on request. 















NEW CASSEL, NY 
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research. Mr. Skobel’s former post as 
chief engineer will be filled by David 
E. Cavenaugh. 


Leo Botwin, recently a senior proj- 
ect engineer with Sperry Gyroscope 
Corp., Great Neck, N. Y., has ac- 
cepted the post of director of systems 
engineering with Ketay Manufactur- 
ing Corp., New York City. His back- 
ground includes marine equipment 
development at Bendix Aviation 
Corp., basic work in guided missile 
systems and analogue computers at 
Sperry, and the authorship of several 
articles on computers and controls. 


Among new executive appoint- 
ments in the Westinghouse Electric 
Corp.’s Switchgear Div., is that of 
Charles P. West, as manager of engi- 
neering. He has been with Westing- 
house since 1926. 

Francis J. Gafiney, former general 
manager of the Polytechnic Research 
and Development Co., will undertake 





Francis J. Gaffney 


responsibility for all phases of the 
engineering program of the Fairchild 
Guided Missiles Div., Wyandanch, 
L. I., in his new post as a director of 
engineering for Fairchild Engine and 
Airplane Corp. Widely known for his 
work in the field of microwave meas- 
urement and pulse circuit techniques, 
Mr. Gaffney during World War II 
headed the Test Equipment Group 
in the M.I.T. Radiation Laboratories. 
His professional affiliations include 
the chairmanship of the IRE Com- 
mittee on Measurements and Instru- 
mentation. He is also a consultant to 
the Research and Development Board 
and chairman of the Test Equipment 
Panel of the Committee on Elec- 
tronics in the Department of Defense. 


Two promotions in the engineering 
staff of Cook Research Laboratories, 
a division of Cook Electric Co., Chi- 
cago, Ill., make Alton D. Anderson 
assistant chief engineer, and Jay War- 
shawsky, technical director of the 
servo-mechanisms and automatic con- 
tro] systems section. Mr. Anderson 
previously was director of the sys- 
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electrical insulation headquarters 


FOR PRODUCTS OF... 










PURE RAW OR COMPOUNDED 
... uncut, cut, ground, compressed 


MOULDING PLATE 


SEGMENT PLATE {sheets tubes 


FLEXIBLE PLATE wenhers,. abe.» 
HEATER PLATE ae 


..- papers, cloths, fiberglas, tapes, 


hi-dielectric, tough, hard, elastic, flexible, resonant; resists 


puncture, moisture ... is infusible and easy to fabricate 





e For MICA, as for everything in the line of electrical insulation, 
MITCHELL-RAND IS HEADQUARTERS. . . here you will find the product 
best suited to the particular insulation purpose .. . and at M-R 

you'll also find the service and counsel to make certain that the 
optimum electrical insulation is built into the equipment and 
components you manufacture. 


For MICA as for anything else in the line of electrical insulation, call on 
MITCHELL-RAND, THE ELECTRICAL INSULATION HEADQUARTERS. 


Write to MITCHELL-RAND for free samples and descriptive data. 


mitehell-rand 


INSULATION COMPANY, INCORPORATED 


MIRAGLAS VARNISHED TAPES, CLOTHS AND SLEEVINGS + MIRAGLAS TAPES, BRAIDED SLEEVINGS 

AND TYING CORDS + MIRAGLAS SILICONE TREATED CLOTHS, TAPES AND TUBINGS + MICA 

TAPES, CLOTHS AND MICA-FIBERGLAS COMBINATIONS « FIBRE, PHENOL FIBRE AND. MIRALITE 
POLYESTER RESIN SHEET INSULATING PAPERS—DURO, FISH, PRESSBOARD, ETC. + VARNISHED 
CAMBRIC TAPES, CLOTH AND SLOT INSULATIONS“* COTTON TAPES AND SLEEVINGS + TWINES AND TIE 
TAPES + ASBESTOS TAPES, SLEEVINGS AND CLOTH, TRANSITE & ASBESTOS EBONY « ARMATURE 
WEDGES AND BANDING WIRE + VARNISHED TUBINGS, HYGRADE, MIRAGLAS, HYGRADE VF, MIRAGLAS 
SILICONE « THERMOFLEX AND FLEXITE EXTRUDED PLASTIC TUBING ¢ PERMACEL MASKING 

TAPES AND ELECTRICAL TAPES « BI-SEAL, BI-PRENE; FRICTION TAPES AND RUBBER SPLICE « 
COMPOUNDS—TRANSFORMER, CABLE FILLING, POTHEAD, ETC. « INSULATING VARNISHES OF ALL TYPES. 


51 MURRAY ST. e COrtlandt 7-9264 e NEW YORK 7, N.Y. 
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101-A Servo Tester 


for field maintenance, production & 
environmental test. 


@ Compares transient response to 
that specified by the manufac- 
turer. 


@ Standard conditions of test. 
@ Checks DC, 60 or 400 cps. loops. 


@ Simple & rapid test procedure. 


co INDUSTRIAL CONTROL COMPANY 


Wyandanch Long Island, New York 


MIDLAND 3-7548 








POWERFUL... 
COMPACT... 
BUILT TO LAST... 
LOW IN COST... 


Dremel Moto-Screwdrivers 
are small, yet rugged... \\. 
precision-built for long, } 
trouble-free service. Be- 
cause they are so com- 
pact, they are ideal fer 
small parts assembly 
work, especially suitable 
for female operators. 
Many users report saving; 
which pay for the tools 
the very first day in use! 
Ask your Dealer for de- 
tails, or write for free 
data sheet without obli- 
gation. 


For screws 0 to 4 
MODEL SD-2 
(Above) for screws 4 to 8 


Light Weight, 
















































Complementary Tustraments for... 


servo Tes 


100-A Dynamic Analyzer 


for the laboratory evaluation problem. 


@ Transient & frequency response 
of Servo loops & components. 


@ Hi-power AC or DC step for 
component transient test. 
@ Data frequencies .0002 to 50 


cps. Carrier frequencies 60 to 
2500 cps. 






















I facta 


(ORE 


MODEL SD-1 


Compactness, 





Fast Operation make 
Moto-Screwdrivers the ideal tool for small screw users. 
They occupy little bench space, are held at a comfortable 
right-angle to the work, and drive free-running screws and 
nuts more than 5 times faster than by hand. Toke ad- 
vantage of these savings now! 


DREMEL MANUFACTURING CO. 


2440 EIGHTEENTH STREET ° RACINE, WISCONSIN 
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tem’s development section, where he 
worked on oceanographic instrument 
development, digital computer _re- 
search and design, rocket instrumen- 
tation, thunderstorm research, and 
fluid dynamics research. He joined 
Cook Research Laboratories after 10 
years with the Naval Ordnance Labo- 
ratory as a research and project en- 
gineer on the development of under- 
sea weapons. 

Mr. Washawsky was a design engi- 
neer for Lear, Inc., before going to 
Cook, and was also associated for a 
period with Curtis-Wright on aircraft 
instrumentation. He has been an in- 
structor in the graduate division of 
the Illinois Institute of Technology. 


Rockbestos Products Corp., New 
Haven, Conn., have appointed James 
F. McClelland, Jr., their former stand- 
ards engineer, to the position of en- 
gineering manager. Coordination and 
direction of standards engineering, 
quality engineering, research and de- 
velopment, and chemical engineering 
will be his area. 


Announcement of the elevation of 
two engineers to important posts 
comes from Rosan, Inc., Newport 
Beach, Calif. Former chief engineer, 
Robert W. Weber, becomes director 
of engineering for both Rosan, Inc., 
and Rosan Engineering Co., and will 
direct all special projects, patents and 
licensing agreements in addition to his 
normal duties. Mr. Weber’s former 
position will be filled by Arthur I. 
Lusk, who previously was assistant to 
John K. Northrop and director of 
guided missile development for 
Northrop Aircraft, Inc. Mr. Lusk takes 
charge of engineering activities and 
personnel at the Rosan main plant 
and seven branch offices. 

Rosan, Inc., manufactures positive 
locking devices for threaded parts for 
the armed forces and commercial 
users, 


Allen S. Dunbar, for the past three 
years senior research engineer for the 
Stanford Research Institute, has 
joined Almo Victor Co., San Carlos, 
Calif., as assistant director of research. 
He is the author of numerous tech- 
nical reports in the field of microwave 
optics, and was for several years a 
research scientist for the Naval Re- 
search Laboratory, Anacostia, Md., as 
well as a staff member of the antenna 
group at M.I.T. Radiation Laboratory. 
For some time he had been a con- 
sultant to Dalmo Victor in the micro- 
wave and antenna field. 


Associated Research, Inc., Chicago, 
Ill., announces the appointment of 
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PRECISE INSTRUMENT DETECTS LEAKS AS SMALL AS 1/100 OUNCE A YEAR, USES G-E VOLTAGE STABILIZER. 


_ For Precision Performance 


Use G-E Voltage Stabilizers 


Accurate to within + 1% in standard models, G-E Auto- 
matic Voltage Stabilizers correct voltage fluctuations be- 
tween 95 and 130, or 190 and 260 volts, delivering a 
stable 115 or 230 volts to your product. 


AUTOMATIC OPERATION: Compact standard models are 
now made in sizes 15 to 5000va. Special designs are 
available for specific applications, and others can be engi- 
neered for your purpose. Operation on all G-E Voltage 
Stabilizers is completely automatic. Whatever your vary- 
ing voltage problem, G-E experience will provide the 
answer. 


SIMPLE INSTALLATION: G-E Automatic Voltage Stabi- 
lizers have only two sets of terminals to connect —one for 
supply, one for load. 


NO MAINTENANCE: Since there are no moving parts or 
electronic components, there is virtually no need for re- 
placement parts, adjustments, or any other maintenance. 
General Electric Co., Schenectady 5, N. Y. 


GENERAL @@ ELECTRIC 
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MORE HELPFUL INFORMATION 





The “why” and “how” of §stabili- 
zation, including specific details on 
operating characteristics, uses, and 
application information, is explained 
in a new bulletin number GEA-5754. 
To get your free copy of this practi- 
cal, helpful manual on voltage stabi- 
lization, fill in and mail the coupon 
below. 


ee ee, eee OO  ——— 


General! Electric Company 
Section B411-108 
Schenectady 5, New York 


Please send me, without charge, Manual GEA-5754 on Automatic 
Voltage Stabilization. 


For immediate project . For reference only 
i ecerenticictucencioecns —— 
COMPANY_ 


ADDRESS_ 


Cry _____.__ SIA. 


Product or type of product for which stabilizers are to be used, 


if not confidential: ie 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
1 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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You Can Speed Production-Line Soldering 
with New, Active, Non-Corrosive RTS 200 


Federated Metals’ new RTS 200 rosin core solder has proved 
in production operations to be 5 ways better than ordinary 
rosin solders : 


30% GREATER SPREAD—by test the spread of RTS 200 


is 30% greater than that of conventional rosin core solders. 


4 TIMES FASTER OXIDE PENETRATION -— oxide films 
and corrosion products on the parts you are soldering need not 
slow down operations. RTS 200 pierces these retarding agents 
4 times faster than ordinary solders. 


NON-CORROSIVE— despite the exceptional activity of the 
RTS 200 flux at soldering temperatures, there is no harmful 
corrosive residue when tested under the high humidity condi- 
tions of military specification MIL-S-6872. 





NON-TOXIC —the chemicals used in RTS 200 flux are com- 


monly used in industry and have no toxicity factor whatsoever. 


STABLE FLUX—experience of over one year with the 
type flux used in RTS 200 shows that it is just as active 
after standing as when used immediately. If you store 
RTS 200 for extended periods, you need not worry 

about its stability, as you do with ordinary solders. 


Try this new, industry-tested active solder today. 
Available in a variety of wire sizes, compositions 
and quantities. For information see your 

distributor or write any one of Federated’s 
14 plants or 22 sales offices across 
the nation. There is one near you. 
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Donald A. Davenport as chief engi- 
neer. 

A $15,000 Rockefeller Public Serv- 
ice Award has been made to an engi- 
neer who started his career with the 
Army Engineers 21 years ago as a 
laborer. He is George W. Howard, 
now chief of the Engineer Research 
and Development Laboratories, Tech- 
nical Service Dept., Fort Belvoir, Va., 
who directs the work of 500 engi- 
neers and technicians in research and 
the design and development of engi- 
neer equipment. The award, covering 
salary and necessary expenses, will 
permit Mr. Howard to visit and 
study methods of government and pri- 
vate research and development agen- 
cies here and abroad. Mr. Howard 
was one of 11 winners chosen from 
750 applicants from nearly every 
Federal agency. Selections, according 
to President Harold W. Dodds, of 
Princeton University, were made on 
the basis of individuals “whose per- 
formance has been distinguished by 
intellectual maturity leadership, char- 
acter and competence . .. and a 
particular promise of future useful- 
ness to the Government.” The ERDL 
Technical Service chief is the Corps 
of Engineers associate member on the 
Research and Development Board 
Committee on Materials, and also 
chairman of the Corps’ Industry Ad- 
visory Committee on Plastics. 


Jerome M. Hollander, newly ap- 
pointed senior engineer of the Radio 
City Products Co., Inc., New York 
City, will be responsible for the com- 
pany’s test equipment design. He was 
formerly with the Allen B. DuMont 
Laboratories. 


Motorola, Inc., Chicago, IIl., has 
made Angus A. MacDonald its assist- 
ant chief engineer for the Communi- 
cations and Electronics Div. Mr. Mac- 
Donald heads a group of design 
engineers in the development of mo- 
bile two-way radio equipment for 
use in the public safety, land trans- 
portation, industrial and related fields. 


Acquiring new honors at Bendix 
Aviation Corp., Detroit, Mich., with 
his election as vice president in 
charge of engineering, Lawrence A. 
Hyland assumes over-all supervision 
of the company’s $50,000,000-a-year 
engineering program in a 6,000-man 
engineering department. Discoverer 
of the principle of radar detection of 
aircraft, creator of more than 40 in- 
ventions, including the radio-shielded 
spark plug, the Navy radio wing loop 
direction finder, frequency indicators 
and other devices, Hyland in 1950 
was awarded the Navy’s highest civil- 
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{ the problem: “What happens when the controls cease to function?” 


Now=RELIABILITY IN SERVICE for your Electronic Controls 
through Alden Components for Plug-in Unit Construction 





—w Wow wee a Teme OSslUmmlCUm 


A whole new CONCEPT 


ALDEN PLUG-IN UNIT CONSTRUCTION 
—giving these vital advantages: 


1) If Electronic Controls fail, your cus- 
tomer is able to restore operation in 30 
seconds by plugging in replacement spare. 


2) Visual signals tell instantly what needs 
replacement or adjustment. 


3) Non-technical personnel can accomplish 
restoration of service. 


4) Individual units are compact enough to 
be airmailed to you for servicing. 


These design standards are absolutely vital 
to any manufacturer planning to incorporate 
electronic circuitry into his equipment, and 
expect to send that equipment out into 
shops, offices and all sorts of distant loca- 
tions and have it reliable in operation. Elec- 
tronic controls are wonderful when working 
smoothly. When they go awry, it’s usually 
some minor flaw, the tiniest thing... but can 
be a headache . . . unless you provide for 
easy finding and fixing, by designing to 
Alden Plug-in Unit Standards; using— 


Your circuitry is unitized in compact vertical planes using ALDEN 
TERMINAL CARD MOUNTING SYSTEM. 
N 


fis [+ coro+ @ - 


JUMPER STRIP 
PREPUNCHED ATURE Eliminates wiring CARD-MTG. # YOUR COMPLETED 
TERMINAL MTG. CARD TERMINALS for common circuits + SOCKETS *™ CIRCUITS 


You can use Alden Terminal Mounting Card with Alden Miniature Terminals, Jumper Strip and Sockets 
staked to accommodate any circuitry—making complete units ready for housing. Components snap into 
unique Alden Terminals, are held ready for soldering. 





Your circuits become easily replaceable plug-in units by mounting 
in ALDEN PACKAGES or BASIC CHASSIS. 


ALDEN ‘‘20"’ PLUG-IN 
PACKAGE COMPONENTS 








8” and 
17” CHASSIS SIZES 


NENTS 


Equipment is broken Shielded 
down into easily c = ti Alden components provide standard plug-in or slide-in housings 
replaceable plug-in units onstruction _ with spares, your circuits become units replaceable in 30 seconds. 


Color-coding quickly identifies replacement units — non-inter- 
changeability of connectors positively prevents mis-matings. 


ALDEN UNIT CABLE 
Choice of 
variable pin 
patterns guar- 
antees against 
mis-mating 


Variety of connectors 
assures plugging in 
only where intended. 





Socket to match 
Base pattern 





Your plug-in units are monitored with ALDEN SENSING ELEMENTS 
that spot trouble instantly. 





a “*FUSE-LITE”’ 
meme aah) ApeaEING. 
. MINI-TEST hie ny "Pase blow 
f tant , Indicator Light e glows 
to make it work! ae. 


We have spent four years evolving the design 
principles of Alden Plug-in Unit Construc- 
tion and have perfected a completely inte- 
grated line of components to mount, cir- 
cuitize, house, fasten, monitor and connect 
all types of electronic devices, from simple 
recorder to giant computer. These compon- 
ents are already tooled and in production. 
No procurement headaches—prompt deliv- 
ery—sometimes from stock. 





To design for RELIABILITY IN SERVICE, this Handbook isa M UST! 


Here are 226 pages unfolding in comprehensive detail the plug-in unit principles to assure 
RELIABILITY-IN-SERVICE in any electronic device. Complete specs of all the related YOUR 
components are included. With this Handbook an engineer can readily design any electronic 
device or circuitry to include the vital advantages of plug-in unit construction. 


=) ALDEN PRODUCTS COMPANY 









ALDEN SLIDE-IN BACK CONNECTORS give central color-coded 
check point of incoming and outgoing circuits, eliminate blind 
massing in block connectors. 







Color coding Generous 
bell-mouthing 






Floating 


Accessible clip action 


uncongested 
solder terminals 


Avoid conventional 
rats nest wiring 


To be practical, Electronic Controls MUST be designed and builé 
for RELIABILITY IN SERVICE. Alden Design Standards, Alden 
Components are the answer. 


~ Qe 


SEND FOR 


FREE COPY 
TODAY 


BE) North Main Street, Brockton, Mass. 















Made by 
the manufacturers 
of the Best 
D----d* 
Brakemotors 


You getotongeeservice life when you 
specify STAR-KIMBLE squirrel-cage motors 


Extra insulation 

—three separate wrappers on every coil—pro- 
vides added safety factor for possible rises 
above rated temperature. 


Prelubricated bearings 


—double-width cartridge type—run for years 
e C a ll S e without any attention. 


Ventilating fan 
keeps motor windings cool. 


Dynamic balancing 
of skewed rotor minimizes vibration. 


Smooth lines 
eliminate dust-catching crevices. 


*Demonded by industry for tough start-and-stop jobs. 


OTHER FEATURES: 


Rotor and stator surfaces ground for uniform air gap. 
Rugged construction—twice as many ribs as used in 
conventional designs, in frame sizes through NEMA 364. 
Standard NEMA designs ‘*B’’, “‘C’’ and “D’'. . . NEMA 
C Face and D Flange mountings . . . PLUS a wide 
range of special electrical and mechanical designs to 
meet specific needs. 





For further information, write for Bulletin B-201 


STAR-KIMBLE 


MOTOR DIVISION 
MIEHLE PRINTING PRESS AND MFG. CO. 
206 Bloomfield Avenue Bloomfield, New Jersey 
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ian honor, the Distinguished Public 
Service Award. He has been affiliated 
with Bendix since 1935, became its 
general manager for radio operations 
in 1935, and executive engineer of the 
corporation in 1943. He is a member 
of the Guided Missiles Committee of 
the U. S. Research and Development 
Board, and of the industry and ad- 
visory Board of the U. S. A. F. Arnold 
Engineering Development Center. 


As Corson Electric Manufacturing 
Corp.’s new design engineer, Harry 
V. Houghton will help expand the 
company’s activities in the pulse- 
forming network and high-voltage ca- 
pacitor fields. He joins Corson at 
Union City, N. J., from a post at 
Chatham Electronics Corp., Newark, 
where he was chief equipment engi- 
neer. 


After some tour years as director 
of engineering of Warner & Swasey 
Co., Cleveland, Ohio, Myron S. Curtis 
has been upped to engineering vice 
president. Development of the Warner 
& Swasey Sulzer weaving machine 
has been one of his major responsi- 
bilities. Earlier in his career, while 
associated with Potter & Johnson Co., 
Pawtucket, R. I., Curtis obtained 
many patents for developments in the 
machine tool] field. 


James J. Halloran, chief engineer, 
Electro Engineering Works, Oakland, 
Calif., has succeeded to a partnership 
in this firm, with which he has been 
associated since 1945 as a_ itrans- 
former design engineer. 


In charge of the new laboratory of 
General Electric Major Appliance 
Div., at Louisville, Ky., will be 
Samuel E. Q. Ashley. As manager, 
Mr. Ashley will direct applied mate- 
rials and process research in the fields 
of chemistry, metallurgy, electricity, 
and mechanics. For the past 17 years, 
he has been chemical supervisor in 
the Transformer and Allied Products 
Laboratory at the Pittsfield, Mass., 
plant. He is the author of numerous 
papers on spectrophotometry, ana- 
lytical chemistry, and chemical edu- 
cation, and chairman of several Na- 
tional Research Council committees. 


As an outcome of an alliance of 
engineering education  curriculum- 
planning with industry, David C. 
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White, assistant professor of electrical 
engineering at M.I.T., has become a 
consulting engineer on the staff of 
Holtzer-Cabot Div. of National Pneu- 
matic Co., Inc., Boston, Mass. The 
professor is at work on a new group 
of courses at M.I.T. on the control 
















































*Product of Fenwal Incorporated, Ashland, Mass 


vais MADE OF BERYLCO BERYLLIUM COPPER 


These Berylco parts are struts—or 
contact supporting members—used in 
Fenwal’s low-temperature appliance 
switch.* 


This appliance switch is a practical, 
sensitive and accurate device for con- 
trolling temperatures. In household 
irons, for instance, it is used to provide 
a range of 50 to 300°F. It maintains 
constant temperatures for such appli- 
ances as pasteurizers and dryers. 


The qualities demanded in this appli- 
cation—elasticity and thermal and 
electrical conductivity—are such that 
no other material would do. It is a 


Haat! 


must that the strut return to its original 
shape when tension on it is released. 
No other material with the desired 
electrical conductivity can provide 
these deflection characteristics at the 
temperature involved. Thermal con- 
ductivity is also desirable—to enable 
the heat developed by the contact 
points to be dissipated. 


The unique properties of Berylco— its 
combination of strength and conduc- 
tivity, its marvelous spring properties, 
its endurance, its ready formability — 
are making better, cheaper products 
for hundreds of manufacturers the 
country over. If you would like to 


include Berylco in your plans for the 
future, we invite you to share the 
know-how of the world’s largest pro- 
ducer of beryllium copper. For engi- 
neering help or sample material, call 
or write any of the offices listed below. 


THE MOST COMPLETE LISTING of 
available beryllium copper forms is 
contained in the recently published 
Berylco Product Directory. Send for 
your free copy today. 


TOMORROW'S PRODUCTS ARE 
PLANNED TODAY—WITH 
BERYLCO BERYLLIUM COPPER 


THE BERYLLIUM corporation 


DEPT. 3E, READING 5, PENNSYLVANIA 





New York * Springfield, Mass. » Rochester, N.Y. * Philadelphia » Cleveland « Dayton + Detroit » Chicago » Minneapolis * Seattle « San Francisco « Los Angeles 
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Representatives in principal world-trade centers 
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Design PROVED DEPENDABILITY... 
_ MODERN APPEARANCE into Your Product 


with PaS° 
Turnlok’ 
Devices 


“Just Turn the Cap and It’s Locked” 
RECEPTACLES CAPS CONNECTORS 
10 AND 20 AMPERES TWO, THREE AND FOUR-WIRE 


FOR POSITIVE ELECTRICAL CONNECTIONS 


EASY TO WIRE—Large head binding screws — Convenient wire- 
ways in connectors and caps — Receptacles designed for either side 
or back wiring. 


POSITIVE CONTACTS — Contour-controlled contacts, accurately 
formed and gauged — Assure positive contact at all times. 


MODERN DESIGN—Receptacles and connectors have modern face 
design with rating plainly visible, making it possible to tell the 
ampere rating at a glance. 


LONG LIFE CONSTRUCTION — Sturdy black plastic bodies — 
Extra heavy armor on caps and connectors — Built to take years 
of rough usage. 


Yours for the asking — The new 8-page descriptive manual 
with complete illustrations, dimensional and catalog in- 
formation. Just drop us a line on your letterhead. 


Write Dept. EM 
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and conversion of electrical energy to 
replace older electrical machinery 
courses. Holtzer-Cabot is engaged in 
the design and production of special 


| rotating electrical equipment. 


New Westinghouse Electric Corp, 
Jet Engine Div. appointments: R. L. 


| Wells, as assistant manager of engi- 
| neering, and P. G. DeHuff, manager 


of engine design for the Aviation 


| Gas Turbine Div., South Philadelphia, 


ra. 


Election of William P. Maginnis as 
vice president and chief engineer of 


| Federal Telephone and Radio Corp., 


Clifton, N. J., was recently announced 
by the corporation, whose telephone, 
radio and vacuum tube engineering 


| activities he will direct. Mr. Maginnis 


joined the firm last year, after 21 
vears with the Radio Corporation of 
America. 


Another elevation to a vice presi- 
dency comes as a result of a meeting 
of directors of Fairbanks-Morse Co., 
Chicago, Ill., who have named Orren 
S. Leslie as vice president in charge 
of manufacturing. The new officer 
joined the company in 1951 as works 
manager of the Beloit, Wis., plant, 


| and became manager of manufactur- 


ing soon thereafter. 


O. L. Dupy, recording supervisor 
at Metro-Goldwyn-Mayer Studios for 
the past 24 years, has accepted the 
presidency of the Minitape Corp., 
Hollywood, Calif. In the new move, 
he retains his position in charge of 
research and development for the 
Stancil-Hoffman Corp., also of Holly- 
wood. Minitape manufactures electri- 
cal interlock motors and_ fractional 
horsepower synchronous motors, as 
well as specialized electro-mechanical 
devices. 

Mr. Dupy, author of many articles 
on the development of sound record- 
ing equipment, pioneered in the orig- 
inal development work on interlock 
motors and distributor systems for 
the motion picture industry. He holds 
numerous patents on motors, control 
systems and electrical regulating 
devices. 


Becoming one of General Electric 
Co.’s leading executives in the field 
of atomic energy, Francis K. McCune, 
of Schenectady, has been appointed 
general manager of the company’s 
Atomic Products Div. An_ 11,000- 
man atomic energy enterprise, in- 
cluding Knolls Atomic Power Labo- 
ratory, and Hanford Atomic Products 
Operation at Richland, Wash., where 
an atomic powerplant for submarines 
is a-building, falls under his direction. 
His headquarters will remain in 
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“CHISEL EDGE” LOCK WASHERS 
The Washer That Has The Edge 


defeats vibration 
at 140 blows 


per second? | 


Not even 8,650 jarring blows a minute can shake the tenacious grip of an 


EVERLOCK washer in its role as a vital part of the Master Tamper. DOUBLE CHISEL EDGES 
On any job its alternating chisel edges maintain a never-failing BITE into both edanidieanmeesatoues 


, 2 WAYS 
the face of the work and the nut, under powerful spring tension. Now available 


in four standard types; or special—made to your precise specifications. erma nenitly 


When ordering screw-washer assemblies from screw manufacturers, 


always specify EVERLOCK washers for dependability and fast service. 


WRITE FOR LATEST CATALOG AND PRICES 


**EVERLOCK”’ IS A REGISTERED TRADE-MARK OF THOMPSON-BREMER & CO, 


THOMPSON-BREMER & COMPANY ~- 1642 W. HUBBARD STREET, CHICAGO 22, ILLINOIS 


BSI ya aaa ae AN MA HINE AN . non a OMPANY «© NEW YORK 
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ens HOW IT WORKS 


~. . « for Machine tools and 
other applications 


Modern industrial electronic engineering has been coordinated 
with electric motor design to provide a versatile means for ob- 
taining the full possible advantage of speed control in DC 
motors while operated from the regular alternating current 
power line. Grid controlled “Thyratron” tubes are utilized for 
power conversion in controlled stepless variation to supply 
motor armature power. Patented feedback, or “Servo”, circuits 
provide constant torque capability over wide speed ranges of 
as high as 60 to 1 in some models and a minimum of 20 to 1 
in others. Speed changes may be made while in operation from 
points remote to the motor installation. Standard models in 


ratings up to and including 3 horsepower are available for 
prompt delivery. 


Your application problems for manual or automatic models will receive 


the prompt attention of our sales engineers. 


4 Godwin Ave. 


DIV. of ELECTRO DEVICES, Inc. 
Paterson, N. J. 








Schenectady. Previously, Mr. McCune 
was assistant manager of the Engi- 
neering Services Div., and had also 
been an assistant general manager of 
the Hanford plant at Richland. He 
is credited with having had a key 
role in reducing costs and expanding 
production of plutonium at Hanford 


General Electric Co.’s loss this 
Spring of Carl L. Ipsen, after 39 
years’ service, is the gain of Industrial 
Furnace Manufacturers’ Association, 
Washington, D. C. whose executive 
vice-president he becomes. Mr. Ipsen 
was G. E.’s manager of the Indus- 
trial Heating Dept. from 1947 to 
1951 and more recently its chief con- 
sultant. He was chief of the Indus- 
trial Heating Equipment Section of 
the National Production Authority in 
Washington for a period. 





Company 


Briefs 


To world-wide marketing facilities 
of Burroughs Adding Machine Co., 
Detroit, Mich., will be added the prod- 
ucts of a line of electronic laboratory 
apparatus and other special devices to 
be produced by a new electronics in- 
strument division, established in Phil- 
adelphia, Pa. Company spokesmen 
state that products which are the out- 
growth of their research program in 
electronic business equipment have 
now reached a stature which justifies 
the setting up of a separate division in 
the company for their manufacture 
and sale. The division will offer to 
business a scientific computation serv- 
ice, and will also make its facilities 
available to the Armed Services for 
the fabrication of electronic instru- 
ments. 


Immediate expansion of operations 
for the manufacture by the Benjamin 
Electric Co., Des Plaines, Ill., of a 
newly-acquired line of lighting equip- 
ment, follows the purchase by this 
firm of “certain assets” of the Leader 
Electric Co., Chicago, Il]. The former 
Leader line to be manufactured by 
Benjamin includes: Incandescent and 
fluorescent commercial lighting equip- 
ment, Leaderall illuminated ceiling, 
Leader Troffers including incandes- 
cent boxes, Striplite units, and Indus- 
trial fluorescent lighting equipment. 


After three years of process research 
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ut assembly time 


Standard Transformer Corporation, Chicago, 
Ill., uses BH ‘649”’ vinyl-coated Fiberglas 
Sleeving in their Stancor power transformers 
for TV sets, and gains these production 
advantages: 
1) faster assembly — the extreme flexi- 
bility of BH ‘‘649’’ makes it easy to 
slip over the transformer leads. 


2) smooth, flexible BH ‘'649” is easier 
on production personnel. The stiff, 
harsh sleeving previously used 
blistered their fingers, slowed up pro- 
duction. 


3) fewer rejects — personnel often use 
the leads as handles, there has been 
no lead breaking when they are 
covered with BH ‘649’. Flexible BH 
649" doesn't crack in rough assembly 
handling. 


Here are the laboratory tests that Standard 
gives every shipment of BH “649”, A 


sample is wrapped around a 14” rod and 
baked for 4 hours at 250°F. Two others are 
wrapped around 5” square rods. One 
sample is impregnated with wax and baked 
for 2 hours at 250°F. The other is impreg- 
nated with varnish and baked for 6 hours at 
285°F. When the samples of BH ‘649” 
are unwrapped there are no cracks, vinyl 
film condition is excellent, colors are unaf- 
fected. The breakdown voltage is always 
found to be in excess of rated strength. 


BH ‘649” may be the answer to your prob- 
lem. Get full information on this — and 
other superior BH tubings and sleevings for 
electrical insulation. Send facts on your 
requirements, voltages and temperatures. 
We'll make recommendations and send you 
free production testing samples. 


Address Dept. M-5 
Bentley, Harris Manufacturing Co. 
Conshohocken, Pa. 





*BH Non-Fraying Fiberglas Sleevings are made by an exclusive Bentley, Harris process (U. S. Pat. No. 2393530). ‘‘Fiberglas’’ is Reg. TM of Owens-Corning Fiberglas Corp. 
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ELECTRONIC EQUIPMENT 


manufacturers count on Anti-Corro- 


sive for fast, dependable service on all 
types of precision stainless steel fasten- 
ings. They know that our IN STOCK 
inventory of more than 8,000 items 
and sizes is the largest, most complete, 
in the industry. In addition, our pro- 
duction capacity is geared to produce 
large or small quantities of stainless 
fastenings, from large hex head bolts to 
tiny #0-80 machine screw nuts, faster 
and more economically! 


Write for Catalog 53G today. 
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Castleton-on-Hudson 


New York 


on high pressure polymerization tech- 
niques, Monsanto Chemical Co., 
Springfield, Mass., has decided to en- 
ter the field of manufacturing poly- 
ethylene plastics by 1955. Although 
the site for the new unit remains to 
be announced, expected initial annual 
capacity of the projected plant has 
been estimated at 66 million lb with 
a 50 per cent increase in capacity by 
1957. These figures are believed to 
represent 22 ner cent of the forecasted 
market for that year. Choice of site 
is said to depend on studies now be- 
ing made on raw material sources and 
future markets for the plastic. 


W. M. Chace Co., Detroit, Mich., 
manufacturer of thermostatic bimetal, 
has completed a new wing adjoining 
its present plant with a view to in- 
creasing bimetal production facilities 
more than 12 per cent. Rolling mills, 
furnaces for annealing and heating 
billets and other specialized equip- 
ment will be housed in the new unit. 


The Transformer Division of Pre- 
cision Welder Manufacturing Co., 
Chicago, has been expanded into a 
new firm to be known as the Precision 
Transformer Corp., 600 W. Grand 
Ave., Chicago, 10. 


Joining the increasing trek of in- 
dustry southward, the International 
Resistance Co., Philadelphia, Pa., has 
moved a portion of its production 
facilities to a modern plant on a 66- 
acre site in Asheville, N.C. The new 
$200,000 plant is already in produc- 
tion on various types of volume con- 
trols used in radios, television sets, 
testing equipment, military equip- 
ment and other devices. At full 
strength operation, the plant will 
employ approximately 500 workers, 
chiefly women. 


A relocation move by York Engi- 
neering & Construction Co. and York- 
Gillespie Manufacturing Co., Pitts- 
burgh, Pa., transfers all their fabricat- 
ing shops, machine shops, general of- 
fices and engineering departments to 
one plant, located at 39th St. and Al- 
legheny Valley R. R. York Engineering 
designs and develops special machin- 
ery and equipment; York-Gillespie 
manufactures hot saws, gauges, draw- 
benches, cranes, and forging ingot 
cars, and also designs and builds spe- 
cial machinery for particular prod:c- 
tion requirements. 


Expecting its biggest year in its 30- 
vear existence, General Instrument 
Corp., Elizabeth, N. J., hes under- 
taken an engineering and plant ex- 
pansion program in the amount of sev- 
eral million dollars. The firm produces 
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Courtesy of Carnegie Illinois Steel Corporation 
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with NATIONA 


TRADE -MARK 


ATIONAL CARBON has always concentrated 

on uniform brush grades of wide-scale appli- 

cation. Today, there are “National” brushes to keep 

‘em rolling longer, more economically, all through 

the mill—from main drives to midget regulators and 

throughout the full range of mill-type and general- 
purpose motors. 

Wherever it’s to your advantage, you can standard- 
ize on certain “National” STANDARDIZED brushes 
for a high percentage of your over-all brush require- 
ments... with consequent savings in brush cost, simpli- 


FOR FURTHER INFORMATION, 
CALL YOUR DISTRICT OFFICE LISTED BELOW. 






NATIONAL 


STANDARDIZED BRUSHES 


L BRUSHES 


fication of ordering procedure and quicker delivery. 

NATIONAL CARBON representatives will gladly help 
you set up such a program of standards for your own 
plant — based on “National” STANDARDIZED 
brushes and utilizing the wide variety of Stock and 
Catalog items available in the “National” brush line. 


HERE’S WHY “NATIONAL” BRUSHES ARE BETTER: 
@Service proved dependability 
commutation factor 
@Long life 


@Closely controlled 
@Minimum commutator wear 
@ Uniformity from shipment to shipment 


The term ‘‘National’’, the Three Pyramids device, and the 
Silver Colored Cable Strand are registered trade-marks 
of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y. 


District Sales Offices: 
Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 


In Canada: 
NATIONAL Carson LimiTep 
Montreal, Toronto, Winnipeg 


FASTER 
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VAP-OIL-TITE 
FITTINGS 


Fouled contacts cause costly because a collar covers metal 
burnouts and down-time. Use edges making burring unneces- 
VAP-OIL-TITE FITTINGS sary. Furnished in numerous 
with Plastic Covered Flexible types with body sizes from 
Metallic Conduit for Sure Seal- 3” to 2”. Write or wire today 
ing of wiring on oil, water,dust for bulletin #MT-104 giving 
and vapor tite equipment. types, sizes and prices, 
VAP-OIL-TITE’S exclusive 
threaded bushing not only 


insures positive grounding but ZW iRam sede e ee 


also makes fitting easier to install Bel Ra Tae Cree te eee tie) 
11 Park Place « New York 7, New York 


In this business . . . = 
signs of spring call for 
thoughts of fall! 


Perhaps right now you are re- by es 
viewing your material requirements 
for the busy fall ahead. 

’ As part of those plans, may we suggest you use “Improved’s” 
silver overlay and silver inlay in your silver contact parts to 
maintain present electrical conductivity while reducing costs. 

And to obtain high conductivity with added strength without 
increasing area, use an “Improved” composite metal such as 
“BIRON” — brass on iron, “SIRON” — silver on iron, 
“CIRON” — copper on iron, “NIRON” — nickel on iron. 


Be sure to visit the “Improved” booth 
#215 at Basic Materials Exposition, 
Grand Central Palace, New York 
City, June 15 through 19. 


The Home of IMPROVED Service 


Rhode Island’s largest manufacturer 
of Laminated Metals. 


The IMPROVED SEAMLESS WIRE COMPANY 
775 Eddy Street, Providence 5, Rhode Island 





@ Prevent Costly Burnouts 
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parts for television and radio manufac- 
turers, and supplies electronic compo- 
nents for defense. A new plant, al- 
ready in production, operated by the 
F. W. Sickles Div., and located at 
Danielson, Conn., represents a major 
part of the expansion program. In ad- 
dition, the company will enlarge its 
staff at the parent plant by another 
500 employees, raising the total of its 
workers to 2500. The Sickles branch at 
Chicopee, Mass., employing 3400 will 
take on 300 more employees; and the 
Sickles branch at Joliet, Ill., employing 
500, will enlarge to 800. 

The firm states it made an all-time 
sales record with net sales exceeding 
$30 million in the year ending Febru- 
ary 28, 1953, as compared with ap- 
proximately $18 million for the pre- 
vious fiscal year. 


Torrington Manufacturing Co., Tor- 
rington, Conn., is completing plans for 
the construction of a new air impeller 
manufacturing plant in Oakville, Ont. 


New, block-long factory and execu- 
tive offices on Chicago’s South Side at 
Marquette Rd. and Prairie Ave., wil) 
be fully occupied by the Quam- 
Nichols Co., and in full production by 
mid-July. The firm will now offer more 
than twice the productive capacity of 
the old plant on Cottage Grove Ave., 
Chicago. Moving starts this month. 


Another headquarters and sales of- 
fices transfer is that of Detroit Har- 
vester Co.’s Pioneer Pump Div., to 
2750 Guardian Bldg., Detroit, Mich. 
Manufacturing operations have been 
moved to a new plant in Paris, Ky., 
where production is rolling on more 
than 400 models of industrial pumps 
formerly manufactured in Detroit. 


Automatic Switch Co., Orange, 
N. J., opened its new west coast fac- 
tory branch at 923 E. Third St., Los 
Angeles 13, Calif., on April 6. A wide 
variety of solenoid valves and electro- 
magnetic controls will be stocked in 
this service center, the firm reports. 


Moved: Perkin Engineering Corp., 
El Segundo, Calif., into a new 10,000 
square foot plant at 345 Kansas St. 


In its future advertising and sales 
promotion, Nuclear Instrument & 
Chemical Corp., Chicago, IIl., will 
identify itself as “Nuclear-Chicago,” to 
end the confusion resulting from the 
large number of companies with name 
similar to the firm’s corporate name. 
Nuclear-Chicago manufactures and 
sells radiochemicals. 


Granco Products, Inc., 36-17 20th 
Ave., L.LC., N. Y., has been recently 
organized to design, manufacture and 
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extra value for your products... 


PACKARD 
ELECTRIC MOTORS 


for: 


BENCH TOOLS e BLOWERS « COMPRESSORS .« DRYERS 


| WATER PUMPS e MILKING MACHINES 





CREAM SEPARATORS e VENTILATING UNITS 





MAY 





When your product is powered with a Packard Electric motor, 
its performance and reliability make it a salesman 
that never stops selling for you. 


Packard Electric’s tremendous facilities for volume production 
make it possible for you to put these “silent salesmen” 

to work for your motor-powered products 

at a surprisingly low cost. Why not get all the facts now, 
from Packard engineers? 


DEPENDABLE APPLIANCE MOTORS FOR THIRTY-SIX YEARS 


Packard Electric Division 
General Motors Corporation 


Warren, Ohio 












LITTLE LAMP HELPS 
WHIP UP SALES! 


The extra convenience of light from a small G-E bulb makes this mixer 
easier to sell. Chances are a small General Electric lamp will add new sales 
appeal to your product too. Little G-E lamps can make a product easier 
to use, safer to use. They make your product stand out from the rest at 
little additional cost. For more information, write Lamp Division, General 
Electric, Department 166-EM-5, Cleveland 12, Ohio. 


SERVOSCOPE™ 


Test analyzer for use in de- 
velopment and PRODUCTION of 
SERVOMECHANISMS and 
PROCESS CONTROLS. Measures 
FREQUENCY RESPONSE, PHASE 
SHIFT 0.1 to 20 CYCLES SINE 
WAVE, SQUARE WAVE, MOD- 
ULATED CARRIER, 50 to 800 
CYCLES. 


SERVOBOARD 


A FLEXIBLE SET of PRECISION 
mechanical parts for quickly 
coupling motors, synchros, poten- 
tiometers to form assemblies of 
Servo systems, regulators, com- 


putors. 


SERVO CORPORATION 
OF AMERICA 


DEPT. EM-5 NEW HYCE PARK, N.Y. 





distribute converters for high  fre- 
quency television reception and UHF 
measuring instruments. 


Amelco becomes the new name of 
the American Electroneering Corp., 
along with a move from its old address 
at 5029 Jefferson St., Los Angeles, to 
a new factory at 2040 Colorado Ave., 
Santa Monica, Calif. This company, 
with its own line of production in the 
test equipment field, has won recog- 
nition as a sub-contract source for ma- 
jor aircraft companies in electronic 
und sheet metal production. 


The Canadian market for Allen- 
Bradley Co. products will now be 
served by a new factory going up at 
Galt, Ont. Operations will be carried 
on by Allen-Bradley Canada Limited, 
recently incorporated associate of the 
Milwaukee, Wisc., parent firm. 


Marking the fourth expansion in its 
10-year production of vinyl resins, 
Shawinigan Resins Corp., Springfield, 
Mass., reports that it will increase its 
current capacity by 35 per cent. Shaw- 
inigan Resins is a jointly owned and 
operated enterprise of Shawinigan 
Products Corp., and Monsanto Chem- 
ical Co. Growth of the business is at- 
tributed largely to the expanded de- 
mand for butvar polyvinyl butyral 
used in the manufacture of laminated 
safety glass for automobiles. 


A new engineering organization in 
the metal stamping field, the Leake 
Engineering Co., will be located in 
Monroe, Mich., and operate as a sep- 
arate unit from the Leake Stamping 
Co. of that city. Product design, con- 
version, development and estimating 
stamping and die costs, die design and 
consulting services will be offered. 
Idea back of the independent engi- 
neering organization is to provide a 
service that will help to alleviate the 
engineer-shortage in end product 
plants. 


“The quietest room in the world for 
its size” will be contained in a sound 
test building with special equipment 
for the noise-testing of transformers, 
now under construction by General 
Electric Co., Pittsfield, Mass. This 
“million-dollar tool,” to be ready for 
use in 1954, should make possible 
quieter power transformers at a lowe 
cost, the company reports. The cham- 
ber itself, 56-ft wide, 66-ft long and 
49-ft high, is expected to accommo- 
date any transformer being built today 
or within the next 10 years. Double 
walls more than four feet thick to com- 
pletely soundproof the room, will be 
made of concrete, fiberglass, masonry, 
a layer of copper shielding, a 6-inch 
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YOU DON’T ALWAYS NEED 
MACHINE TOOLS 

| FOR FINISHED 

| MACHINE PARTS 


Speed OILITE 


PRODUCTS OF SINTERED METALS 
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Field Engineers and Depots throughout U. S. and Canada 


“1 (TE} AMPLEX MANUFACTURING COMPANY 


é (L PRODUCTS Subsidiary of Chrysler Corporation 
Detroit 31, Michigan 


Oilite Products include: BEARINGS, Finished Machine Parts, 
Cored and Solid Bars, Permanent Filters, and Special Units. 
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CONTACT RIVETS 


Rivets cost 
less than other forms 
of electrical contacts 
and are easier to 
assemble... 


Gibson contact rivets are often the 
most appropriate and economical 
contacts for relays, switches, instru- 
ments and other applications involv- 
ing small or moderate currents. 


They are easy to install, are promptly 
supplied in standard or special sizes 
and shapes, and can be conveniently 
attached to springs or other supports 
at the Gibson plant — using supports 
furnished either by Gibson or the 
customer. 


Moreover, Gibson contact rivets 
are readily available in fine silver, 
coin silver, or any electrical contact 
material capable of being cold- 
formed. Gibsiloy A-3, a case in point, 
combines all the advantages of silver 
with tougher wear resistance and re- 
duced tendency to “freeze.” 


Let Gibson engineers recommend 
the best Gibson contact rivet for your 
needs. For rivet quotations, please 
submit dimensions (as shown be- 
low) and quantity desired. 


Write for Gibson Rivet Catalog C-521 





A=head diameter D=shank diameter 
B=head thickness L=shank length 
R =radius of face 


CONTACT GIBSON FIRST 


ibsilo 


ELECTRICAL CONTACTS 


SE Maeame Goh by 


8349 Frankstown Ave., Pittsburgh 21, Pa. 


VP 
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section of air space, and on the inside, 
28-in. wedges of fiberglass encased in 
wire cloth. Copper shielding will pre- 
vent radio waves from interfering with 
sound tests. A vestibule outside the 
sound chamber is designed as protec- 
tion against unfavorable weather when 
the 40-ton doors are open. The doors 
themselves are to be fiber-glass insu- 
lated, and lined with compartments 
filled with sand. 

Controls for the tests will be housed 
in an adjoining structure. Another unit 
| will house three power transformers 
to provide the power for testing. 


New England warehouse facilities 
of Bridgeport Brass Co., have been 
moved to larger quarters at 177 Geor- 
gia Ave., Providence, R. I. 


Improved technique for manufac- 
ture of difficult shapes involving the 
bonding of natural and synthetic rub- 
bers to metals is being offered by Eco 
Engineering Co., Newark, N. J., in ad- 
dition to a unique research and 
development laboratory, and special- 
ized production facilities. The com- 
pany produces parts up to 3% in. in 
|diam, and of any shape. Among ap- 
| plications are pump and valve parts, 
pneumatic and hydraulic equipment 
components; bushings and _ bearings; 
seals, sound and vibration dampeners; 
electronic and electrical parts; and in- 
strument and meter parts. 


Recent name change: Industrial 
Equipment Co., 315 N. Ada St., Chi- 
cago, Ill., to Industrial Crane & Hoist 
Corp. 


Auburn Button Works, Inc., Au- 
burn, N. Y., has abandoned its fiber 
glass molding department in favor of 
increasing production facilities in the 
extrusion and vacuum forming divi- 
sions. 


This year should see the completion 
of the building expansion program 
started by Crouse-Hinds Co., Syra- 
cuse, N. Y., in 1946, company officials 
say. The final phase of the project de- 
signed to add approximately 180,000 
sq ft to earlier manufacturing facili- 
ties, comes to a close with construc- 
tion of a new 45,000 sq ft foundry 
which will be ready by next fall. A 
separate building will house semi- 
automatic molding machines, mold 
conveyors and accessory equipment. 





The Chicago sales office and ware- 
house of Pass & Seymour, Inc., Syra- 
cuse, N. Y., was relocated at 1229 W. 
Washington Blvd., Chicago 7, on 
April 27. 


| Organization of an industrial sales 
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COMPONENTS? 


YES, in many cases higher 
ratings and larger sizes (with 


their higher costs) have been 
required only because of inade- 
quacies in overload protection 


equipment. Likewise, limita- 
tions on hermetically sealed 
motors have been for the same 
reason. 

NOW, the Heinemann 
Silic-O-Netic Overload Relay 
dispels past limitations. It is 
fast . yet the Silic-O-Netic 
Qverload Relay has inverse time 
delay . . . providing longer de- 
lay for small overloads; shorter 
delay for large ones. At 800°, 
of rating, it is instantaneous. 
Furthermore, instantaneous 
and minimum response points 
are completely independent of 
ambient temperature. No 
thermal elements are employed. 

THE RESULT: You get 
the fastest overload protection 
available .. . without nuisance 
stoppages. You can rate com- 
ponents to normal require- 
ments .. . allow Silic-O-Netic 
Relays to protect against the 
abnormal. i 
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ELECTRIC CO. 


99 Plum Street, Trenton 2, N.J. 
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This new plant was designed and built for 
the production of alloy strip of the highest 
accuracy. It is equipped with the finest 
machinery available for the task. Send- 
zimir Mills assure FREEDOM FROM 
CROWN. Skilled operators, with years of 
experience, roll to close tolerances and 
produce finishes to highest STANDARDS. 


A group of experienced engineers is avail- 
able to select the correct alloy for your 
application. 
| 


WILBUR B. DRIVER Co. 


NEWARK 4, NEW JERSEY 
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9540-50 Tulley Avenue Oak Lawn, Illinois 
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department within the Electronics 
Div. of Erie Resistor Corp., Erie, Pa,. 
with E. S. Willis as sales representa- 
tive tor Western New York, Pennsyl- 
vania and Northern Ohio, has been 
announced by the firm. 


General Electric's Receiver Dept. 
will henceforth be known as the Radio 
and Television Dept., with the prin- 
cipal plant at Electronics Park de- 
voted to the manufacture of television 
receivers, the Auburn plant partially 
being used to produce ultra high fre- 
quency converters, sub-assemblies for 
television receivers, and high fidelity 
sound systems; and radio receiver 
manutacturing centered in the Bleeker 
St. Plant at Utica. 


Magnaflux Corp. has moved to new 
general offices and factory at 7300 W, 
Lawrence Ave., Chicago 31, Ill. 


A multi-million expansion program 
being launched by Timken _ Roller 
Bearing Co. at the Bucyrus, Ohio, 
plant will bring production facilities 
there into full operation by the end 
of 1954, according to present  plan- 
ning. Construction should be com- 
plete by the end of this year. A com- 
plete boiler plant will be built to 
supply steam for heating as well as 
for process purposes. New manufac- 
turing equipment, costing approxi- 
mately two million dollars, will be in- 
stalled for the manufacture of bearing 
parts, providing green machining fa- 
cilities for five proposed production 
lines. 


National Electric Products Corp. 
has transferred several of its depart- 
ments, including purchasing, from its 
Pittsburgh, Pa., offices in the Cham- 
ber of Commerce Bldg. to larger office 
facilities in its parent plant in Am- 
bridge, Pa. Executive offices, how- 
ever, will continue to be maintained 
at the old location. The firm is known 
as a large producer of electrical 
rough-in materials. 


H. H. Buggie and Co., Toledo, 
Ohio, has a new sales representative 
in Hart Engineering & Sales Co., 132 
Walker St., S.W. Atlanta, Ga., cover- 
ing the states of Tennessee, Georgia, 
Alabama, and Florida. 


A merger of Raytheon Television 
and Radio Corp. with its parent com- 
pany, Raytheon Manufacturing Co., 
Waltham, Mass., will be effective at 
the close of business May 31, 1953. 
The demise of the former company 
(once known as the Belmont Radio 
Corp., Chicago, Ill., and O6celwein, 
Iowa) permits the parent firm to in- 
tegrate its operations into a_ single 
corporate entity. The departing “off- 
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RIGHT 


, Electrically... 


Fansteel Selenium Rectifiers are produced 

from top quality materials of the highest purity. They 
are made in a modern plant where adequate 

quality control safeguards form an integral part of 
every operation. Each Fansteel Selenium Rectifier is 
exactingly assembled from carefully matched cells 
and rigidly inspected. 


Fansteel Selenium Rectifiers are both rugged and 4 j C7 a L 


compact. Aluminum base plates of ample thickness s 
prevent distortion or warping . . . all insulation is heavy, Mechanical A ee 
all hardware strong. Each stack is coated, in 
manufacture, with one of three standard Fansteel Ra 
finishes to withstand the most adverse atmospheric ae WZ is ey. 
conditions under which it is expected to operate. am 


Q | G HW ‘i Fansteel Selenium Rectifiers rate high on a 


*‘more service per dollar’’ basis, too. They have 
/ Econo m F ca | ly. Be a practically unlimited life. They do not 
deteriorate when idle. They entail no maintenance 
\ expense whatever. Yes, on any basis, you’ll find 
them the right rectifier for your products. 
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UMA 
METAL 
PRODUCTS 


FAST, DEPENDABLE SERVICE 
TO MEET HIGHEST STANDARDS 


COMPLETE 
SHEET METAL 
FACILITIES 


* DESIGN * DEVELOPMENT 
* PRODUCTION 























Typical products we engi- 
neer and build to specifica- 
tions include... . 
TRANSFORMER CANS 

CHASSIS 

HOUSINGS 

CABINETS 

ELECTRONIC ENCLOSURES 
BRACKETS | 
RACKS 

METAL SPECIALTIES 


Our work is of the kind you 
will be proud to use... 
Specialists in: 

METAL CUTTING 

FORMING 

BENDING 

PIERCING 

EMBOSSING 

DRAWING 


WELDING 
Spot * Arc * Heliarc 


e PAINTING & BAKING 


Write or telephone us today 
. . » TMP engineers will be glad 
to supply quotations without 
obligation! 





TRANSFORMER METAL PRODUCTS 


Ge eee Vee, 
New York 1, N. Y 


CRE timely 
Telephone: Wisconsin 7-6472 
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spring’s” radio and government busi- 
ness will be continued as a divisional 
operation comparable to Raytheon 
Manufacturing’s other operating di- 
visions, with headquarters remaining 
in Chicago. No changes are contem- 
plated in the internal management 
structure of the new division, its pol- 
icies, personnel, or distributor-dealer 


arrangements. 


Allis-Chalmers Manufacturing Co.’s 
district and branch office territories of 
Denver, Salt Lake City, Phoenix, El 
Paso, and Spokane have been com- 
bined into the Rocky Mountain Re- 
gion with headquarters at Denver, 
Colo. Richard Moody, manager of the 
Los Angeles, Calif., district office 
since 1950, will manage the new 
region. 

Acquisition of all pumps, valves, 
and special hydraulic units formerly 
built by Sundstrand Machine Tool 
Co., Hydraulic Div., Rockford, IIL., 
has been announced by the Parker 
Appliance Co., Cleveland, Ohio. The 
latter company already manufactures 
hydraulic accessories for aircraft and 
mobile equipment used in materials 
handling, in road building and off- 
the-road operations, and in farming, 
and will continue these along with 


| the Sundstrand JIC line. 


Sundstrand spokesmen state that 


| the sale of this line for use on ma- 
| chine tools to Park Appliance will not 


affect Sundstrand’s production of hy- 
draulic products for other uses, nor 


production of oil burner fuel units. 


Expanded engineering and produc- 
facilities at the Bristol Co., 
Waterbury, Conn., for printing re- 
corder charts for instrument compa- 
nies will now make possible the pro- 
duction of circular charts up to 18 in. 
in diameter and strip charts up to 
29%% in. wide, which can be supplied 
to the instrument companies’ specifi- 
cations for all types of special instru- 
ments, research instruments, and com- 
putors. 


U. S. Wire & Cable Corp. expects 
that the new plant into which it has 
moved at Progress Ave. and Monroe 
St., Union, N. J., will enable the firm 
to triple its production. A heavy 
schedule of production for the Gov- 
ernment will be continued, and com- 
mercial wire output will be expanded. 
Former address was 27 Haynes Ave. 


Mechanical springs for industrial 
uses in a range of wire sizes from 
0.005 to 0.5 in. are currently coming 
off the production line of Rockford 
Spring Co., the Rockford, Illinois, cor- 
poration which was organized last Oc- 
tober. The company is concentrating 
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HERES WHAT\ 
you cet (\— 


Gl) IMMEDIATE DELIVERY FROM STOCK 


(in any quantity) 


Ei FINEST QUALITY OF FAMOUS BRANDS 
E) GENERALLY LOWER PRICES 
CK) RETURN PRIVILEGE FOR FULL 


CREDIT IF NOT SUITED TO YOUR 
REQUIREMENTS 


The valuable service Wells provides to 
the industry is being used by many of 
our greatest manufacturers as a matter 
of course. 

Our vast stock (the world’s largest) 
may contain just the components you 
need to fill urgent orders — at a substan- 
tial savings in time and cost. 


ADEL CLAMPS « ANTENNAS, Insulators, Mast Sec- 
tions * BINDING POSTS * BLOWERS e¢ CABLE 
ASSEMBLIES «© CHOKES « COILS * CONDENSERS 
Oil Filled, Bathtub, Hearing Aid, Transmitting Micas, 
Silver Micas, Ceramic, Variable, Trimmer ¢ CRYS- 
TALS « FILTERS « FUSES & MOUNTINGS « GEN- 
ERATORS * GROUND RODS «¢ HEADSETS «© 1[.F, 
COILS « JACKS * JACK BOXES « KEYS, Telegraph 
KNOBS ¢ LAMPS ¢ LORD MOUNTS e LUGS 
MOTORS & BRUSHES « PLUGS © RECTIFIERS Selen- 
ium, Copper Oxide, Meter, Diode * RESISTORS—All 
Types °¢ SELSYNS e SOCKETS -« SWITCHES 
Aircraft, Micro, Switchettes, Toggle « TIMERS « TUB- 
ING—Flexible «© TUNING SHAFTS « TRANSFORMERS 
All Types * VIBRATORS * WALKIE TALKIES 


DYNAMOTORS 


OVER 100,000 
BY NEW DYNAMOTORS 
IN STOCK! 


DM 32A — DM 53A — PE 86 — PE 101C 
DM33A—D101 — PE 94, etc. 

Large quantities of brushes for all 
types of dynamotors and motors. 


Write us for quotations. Advise us 
your requirements. 


A complete Signal Corps stock number list- 
ing of items in our stock. Write for listing 
No. $G-200. (For government agencies and 
contractors only.) 

Manufacturers and distributors—write for 
new Condenser Catalog C-10 now available. 


Write, Wire, Phone Your Requirements 


all phones: SEeley 8-4143 





833 W. CHICAGO AVE., DEPT M, CHICAGO 22, ILL. 
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Koppers Polystyrene in Radio... 


A variety of desirable character- 
istics has built a demand for Kop- 
pers Polystyrene as a material for 
radio cabinets and cases. Its light 
weight has made it particularly suit- 
able for portable radios. 

In addition to light weight, the 
ability to remain unaffected by the 
constant heat of a radio in operation 
is absolutely necessary. The heat sta- 
bility of Koppers Polystyrene Type 8 
is more than sufficient to satisfy this 
requirement. Strength, ease and 
speed of molding, dimensional sta- 
bility for perfect mating of sections, 
and low cost are other characteristics 
of Koppers Polystyrene which make 
it a favorite material with manufac- 
turers and molders. 

Customers are attracted to radio 

























cabinets of pleasing colors made pos- 
sible by the use of Koppers Polysty- 
rene. Manufacturers and molders 
have found that Koppers has elimi- 
nated the risk of visual variations in 
color. Koppers method of Color 
Matching and Control assures adher- 
ence to color specifications within 


1H tor C. abi N ers f 


A General Electric Company 
Molder — General Electric 
Company, Chemical Div., 
Pittsfield, Massachusetts 


B Motorola Inc. 
Molder — Chicago Molded 
Products Corporation, Chi- 
cago, Ill. 


C cBs-Columbia, Inc. 
Molder — Jamison Plastics 
Corp., New York, New York 


D Philo Corporation 
Molder—Erie Resistor Corp. 
Erie, Pennsylvania 


£ Emerson Radio 
and Phonograph Corp. 
Molder—Erie Resistor Corp. 
Erie, Pennsylvania 


F Zenith Radio Corporation 
Molder—Erie Resistor Corp. 
Erie, Pennsylvania 


exacting tolerances unsurpassed in 
the industry. 

Write today for information about 
the suitability of Koppers Polysty- 
rene for your product. A Koppers 
representative will be happy to call 
and discuss your specific product 
needs. 


Koppers Plastics Make Many Products Better and Many Better Products Possible. 


y ON 


KOPPERS 
Ww 
® 





KOPPERS COMPANY, INC., Chemical Division, Dept. EM-53, PITTSBURGH 19, PA. 


SALES OFFICES: NEW YORK - 


MAY 1953 


BOSTON -: 


PHILADELPHIA 


CHICAGO : 


DETROIT - LOS ANGELES 
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BECAUSE OF Q&S pee THERMAL CONTROLS 
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This sub-fractional horsepower motor stator has been built with a safety 
factor far beyond that of insulation only. Inserted between the stator 
windings is a Mighty Mite Thermal Control that automatically limits operation 
under excessive temperature rise. 

This means that under adverse conditions, the windings will not become 
overheated, insulation will not char, motor will not burn out. Mighty Mite 
Thermal Controls provide abundant assurance of safety and long-life per- 
formance, adding value to any product of which they are a component. 


Mighty Mite Thermal Controls provide 
maximum simplicity of installation. 

. Small, compact. 

. Can fit into your present design. 


. Pre-set calibration eliminates adjust- 
ment time in assembly. 


1 

2 

3 

4, Pre-set calibration assures uniform, de- 
pendable performance. 

5. Simple, sturdy design. 

6 


. Available in a variety of terminal 
connections, 


© go 


Most leading makes of sub-fractional HP motors are Mighty Mite protected. Specify Mighty Mite 
Thermal Control protection in specifying such equipment. 
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its efforts in the precision spring field 
where the emphasis is on quality and 
accuracy. 


Pioneer Electronics Corp., Santa 
Monica, Calif., claims that the new 
$200,000 plant under construction 
there for the firm, to be occupied un- 
der a long term lease with the builder, 
will be the first television picture tube 
manufacturing company ia the West. 
New equipment in the amount of a 
quarter of a million dollars will be in- 
stalled by Pioneer. The plant, provid- 
ing 30,000 sq ft of enclosed space, is 
expected to enable this vacuum tube 
producer to increase by 500 per cent 
his present schedule of 1500 picture 
tubes a week. 


Integration of related lines of Allis- 
Chalmers Manufacturing Co. products 
will be carried a step farther with the 
organization of a new Switchgear 
dept., to be managed by J. L. Single- 
ton, vice president in charge of the 
company’s General Machinery Div. 
Mr. Singleton is to retain the general 
management of the Boston Works, 
and to be responsible for combined 
operations of the West Allis Switch- 
gear and Substation Sections. 


Another addition to West Coast en- 
gineering facilities comes with the an- 
nouncement of Air-Marine Motors, 
Inc., Seaford, N. Y., that they will be- 
gin production on motors, fans and 
blowers this month. Air-Marine’s en- 
gineers were available for prototype 
work in April. The firm’s manufactur- 
ing location: Genisco, Inc., headquar- 
ters, 2233 Federal Avenue, Los An- 
geles, Calif.: their sales office, E. V. 
Roberts & Assoc., 5068 W. Washing- 
ton Blvd., Los Angeles. 


On the heels of its 110th anniver- 
sary last year, Joseph T. Ryerson & 
Son, Inc., has undertaken a new and 
larger steel service plant for its Mil- 
waukee operations, to be completed 
early in 1954. The new structure will 
have three times the present plant 
capacity. New equipment for cutting 
and handling steel will be installed, 
including a powerful high speed fric- 
tion saw for cutting structural steel 
shapes, an electric eye machine for 
flame cutting heavy steel plate, and 
new plate shearing equipment. The 
company plans to have some 10,000 
different kinds, shapes and _ sizes of 
steel on hand for “moment's notice” 
orders. 


Sundberg-Ferar, Detroit, Mich., in- 
dustrial designers, announce that they 
have been retained as design con- 
sultants by the Louis Allis Co., Mil- 
waukee, Wis. 
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SILASTIC* helps Westinghouse score another FIRST... 
"COOKING without LOOKING” 





Engineers have been working for years 
to make a heat control system for electric 
range surface units that would forever 
banish pot watching. But it took 
Westinghouse, using a bit of Silastic, a 
thermistor, and a few relays and vacuum 
tubes, to perfect the ‘Electronic Eye.” 
This heat control system regulates the 
temperature so accurately that food can 
be warmed, boiled or fried without 
danger of burning or scorching—even 
if all the water is boiled away. 

The heart of the temperature measuring 
device, the thermistor, is embedded 

in Silastic paste for protection and 
heat transfer. Flexible Silastic insulated 
cable is used to connect the thermistor 

to the exterior wiring, and the 
Electronic Eye itself is isolated in the 
center of a flexible Silastic diaphragm. 
The Silastic components have stood up 
under exposure to boiling water, oil, 
grease, coffee and syrup, as well as 
accelerated life testing equivalent 

to 15 years of actual service. 


Performance proves... 





where other materials 


Many of the most able designers, like those Westinghouse 
men who made automatic cooking a practical reality, save 
time and money by trying Silastic first when they need 
rubbery properties at temperatures far above or below the 
limits of any ordinary rubber. And exceptional stability at 
both high and low temperatures is combined in Silastic with 
excellent resistance to outdoor weathering and good resist- 
ance to a variety of hot oils and chemicals. Further proof of 
the inherent stability of Silastic is given in this small graph 
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ATLANTA first in 
CHICAGO silicones 
CLEVELAND 
ve aoe DOW CORNING 
WEW YORK CORPORATION 
WASHINGTON, D. C. Midland, Michigan 
(Silver Spring, Md.) 


Canada: Fiberglas Canada Ltd., Toronto « England: Midland Silicones Lid., London 


SASH works 


fail ! 








showing the effect of aging at 275°C (527°F) on the dielectric 
strength of Silastic. 


Dielectric sirength measured with “% inch electrodes in air 
on two layers of Silastic R Tape, for example, average 0.475 
KV per mil. After 20 weeks of continuous aging at 275°C 
with both surfaces exposed in an air circulating oven, dielectric 
strength gradually decreased from a high of 0.601 to 0.485 KV 


per mil. 


That's the kind of performance that makes Silastic, the Dow 
Corning silicone rubber, unique among all rubbery materials. 
When you need rubbery properties at temperatures above 
150°F or below —40°F, or excellent dielectric properties 
in a resilient and flexible material specify Silastic. 


MAIL COUPON TODAY FOR DATA ON THE PROPERTIES, PERFORMANCE 
AND APPLICATIONS OF SILASTIC. 


DOW CORNING CORPORATION, Dept. AE-5, Midland, Michigan 
Please send me: 


() Silastic Facts 10a, properties and applications of Silastic stocks and pastes. 
[-] Ust of Silastic Fabricators. 
(_] “What's A Silicone?”, your new 32-page booklet on silicone products and applications. 
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GET NYLON DESIGN ADVANTAGES 
WITHOUT MOLD COST 


design with 


POLYPENCO NYLON 


ROD, STRIP, TUBING 


Would you like to use nylon’s advantages of light weight, 
mechanical strength and abrasion resistance without costly 
tooling? Then machining or blanking from POLYPENCO stand- 
ard shapes provides the answer. 


You get design flexibility too because you have no big mold 
investment. Design changes can be made quickly without the 
delay or expense of a new mold. 

OTHER POLYPENCO NYLON ADVANTAGES 

TECHNICAL HELP— in application of material and method of fabrication. 
QUICK DELIVERY— stock shipment of most standard sizes. 


READILY FABRICATED—on standard tools—lathe, punch press, automatic 
screw machine. 


For technical data or prices \ 2 
write fcr latest bulletins. 


POLYPENCO NYLON 


nylon and viaae’ 4 al 
stock shapes, finished parts 
also available to your specifications 


The POLYMER CORPORATION of Penna. « Reading, Penna. 


In Canada: C-H Engineering Company « Montreal « Toronto 
* registered trademark of the Du Pont Company 
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Steering Servo Uses 
Magnetic Amplifiers 


(Continued from page 131) 


windings for the push-pull signal pre- 
amp stage. Bias and potentiometer 
d-c voltages are supplied by means 
of a center-tapped selenium rectifier. 

The final-stage power amplifier con- 
sists of two separate three-legged re- 
actors. On each reactor there are two 
a-c coils, one on each outer leg, and 
a d-c coil on the center leg. The 
a-c coils consist of a single winding 
while the d-c coil consists of three 
separate control windings—two signal 
windings and a bias winding. The 
preamplifier also consists of two sep- 
arate three-legged reactors, with coil 
arrangement as in the final stage. 

Rectifiers used in the final stage 
are an open-bridge selenium rectifier 
circuit. The rectifiers used in the pre- 
amp stage are sealed germanium 
diodes, and there is one in each arm 
of the open-bridge circuit. 

Because of electrical and mechan- 
ical inertias, this system would tend 
to overcorrect without provision for 
damping. To prevent overshooting 
and speed up the response time, the 
electromechanical steering gear in- 
corporates a counter-emf damping 
system which feeds back to the signal 
preamp a_ voltage directly propor- 
tional to actuator speed, namely the 
counter-emf of the motor. The coun- 
ter-emf current is connected to the 
feedback winding of the first amplifier 
stage to force the actuator motor to 
slow down gradually as the actuator 
approaches the position demanded. 
The circuit permits the motor to at- 
tain maximum speed when large rud- 
der movements are called for but 
prevents the motor from overspeeding 
if small movements are required. 

Another feedback circuit is part of 
the power amplifier stage. Here, a 
part of the output of the amplifier 
stage is fed back to itself in a nega- 
tive sense. This negative feedback 
makes the device more linear and de- 
creases the response time of the 
amplifier. 

The motor circuit is completed 
through the cable from the steering 
amplifier to the steering actuator, re- 
quiring four wires. The armature lead 
of the motor is connected to the nega- 
tive terminal of the push-pull mag- 
netic amplifier power stage. The fields 
are connected to the respective posi- 
tive terminals of the two sections of 
the power stage of magnetic ampli- 
fier 2, such that when one section 
of the amplifier is conducting fully, 
the field connected to it will be carry- 
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This mechanical hand is called a 
Billet Charging NCrtCaa automatically 
loads cylindrical steel billets into a 
rotary furnace, one row at a time, 


to be heated for forging. 


The machine picks up a billet from the 
conveyor and sets it down inside 
image lo -M LeTol Lon) 
operation until it has lined up a full 
row of billets. A selector switch determines 
oe Rene there shall be three or four billets to a row. 


a enieaeedaniammaee 3 Maer ol MT UM Maem cath Cie 
ys the next loading position. 
rie ‘ee i r 
| as a ih id Seven separate motions are required to load each billet. 
| Rutan 7 Thus the complete cycle involves either 21 or 28 individually 
i I controlled motions for the row. 


The Billet Charger was designed by E. Homer Kendall, 

Consulting Engineer, of Alliance, Ohio and built by 
ee ae 3 May-Fran Engineering, Inc., of Cleveland. The special automatic 
. control panel—the brain of the machine — 
is Clark designed and Clark built. 


Bees, 


You can put CLARK Engineered Electrical Control experience 


to work for you. Just contact your nearest CLARK representative. 


rue CLARK CONTROLLER co. 


Y : a 2 
NEERED ELECTRICAL CONTROL + 1146 EAST 152NO STREET, CLEVELAND 10, OHIO 
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Resilient mounting for 
most quiet operation. 
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Large Porcus Bronze 
Bearings perate for 
years without showing 
wear. 


Re-circulating channels 
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Shaft accurately ground 
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MARCO snapvepo poe MOTORS 


e@ The utmost care, backed by long experience in the manufacture of 
shaded pole motors, goes into every MARCO MOTOR for maximum 
efficiency of operation and quiet, long-lasting service. 












Precision engineering has produced an electrical design that practically 
eliminates A.C. hum. Mechanical tolerances are precision-held. You 
are assured vibration-free performance because of electronic balancing. 


You are invited to take advantage of our complete Engineering Services 
in order that you may be certain of obtaining the best source of power 
for your product. 

MARCO MOTORS are available in 1/100-1/8 H.P. range; 4 and 6 
pole; 1, 2 and 3 speed. Investigate them today. 









Please send me COMPLETE DATA 
on a MARCO Motor to fit our requirements 
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your product at 
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ing practically the full armature cur- 
rent to move the motor in the correct 
direction. The operation of the push- 
pull circuit and feedbacks is such that 
linear characteristics are obtained 
through zero speed. At standstill, 
each field will be carrying half the 
small quiescent current flowing 
through the armature. The motor will 
not move, however, as the fields can- 
cel one another. The quiescent cur- 
rent results from the fact that the 
magnetic amplifiers are not complete- 
ly cut off when the motor is at a 
standstill, since a small exciting cur- 
rent is required in the reactors. 

While this servomechanism has 
been designed primarily for use with 
ships having a differential type hy- 
draulic steering gear, it may be modi- 
fied to be used directly on the rudder 
of smaller craft requiring low rudder 
forces and low rates of rudder mo- 
tion by gearing the actuator output 
shaft down to the rudder shaft. 

The system as designed may be 
used to provide a maximum rudder 
movement of 70 deg hard-over to 
hard-over (HO/HO) with limits ad- 
justable from 32 to 35 deg each side 
of amidship position in 1-deg steps. 
These limits cover the normal rudder 
movement of most vessels. The 70- 
deg rudder movement corresponds to 
18 turns of the output shaft. A helm- 
angle indicator shaft is provided 
which turns 280 deg for a 70-deg 
rudder movement HO/HO. 

Accuracy of the system is such that 
the output shaft will be positioned to 
% deg of the required position against 
full-load torque. The system may be 
adjusted to operate with no over- 
shoot against a 5-to-l1 variation of 
load torque at the output shaft. The 
slewing rate against full-load torque 
is full 70 deg rudder travel in less 
than 15 sec. 

In this application full advantage is 
taken of the magnetic amplifier’s char- 
acteristics. No warm-up time is re- 
quired. The ruggedness of the mag- 
netic amplifier makes it suitable to 
shipboard installation in the steering 
gear room without danger of damage 
from shock and vibration. Since the 
magnetic amplifier is essentially a 
maintenance-free device it provides 
the reliability essential in a ship steer- 
ing application. OO 


————— 


Combined Reprints 


Single shipments in quantities of 
5 or more are offered at substantial 


savings on orders accompanied by 


remittance. See price list on page 
Qn 


Oil. 
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hoose the 


PROPERTIES you want 


.. With GLOBAR Ceramic Resistors 


What combination of resistor prop- 
erties will help you solve your electrical 
or electronic resistance problem? Low 
temperature coefhicient...or high? Low 
voltage coefficient...or extremely high? 
Normal dissipation capability...or ex- 
ceptional? Or should one or more of 
these properties be in between the 
extremes? 


GLOBAR Brand Ceramic Resistors 
are engineered to your specifications — 
to give you the most favorable combi- 
nation of properties to satisfy your cir- 
cuit requirements. The combinations 


TRADE MARK 


possible cover a very wide range, as 
these typical uses indicate: Resistance 
where needed as a circuit element in 
television and radio receiver circuits, 
in hearing aids, printed circuits, radio 
transmitters, etc.; suppressing parasitic 
oscillations in electron tubes; compen- 
sating for temperatures in measuring 
instruments and coils; stabilizing volt- 
ages or speeds in machinery; arresting 
surges in electrical circuits; providing 
time delays; and many others. 


Other advantages you gain in us- 
ing GLOBAR Brand Ceramic Resistors 


Resisior® 


@ For useful engineering data on GLOBAR 
Brand Ceramic Resistors, send for your copy 
of Bulletin R. Write Dept. EM 87-36. 
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include: rugged ceramic body, long 
life, mechanical and chemical stability. 


Whatever your requirements in 
resistors, whether for normal or difh- 
cult circuits, it will pay you to investi- 
gate GLOBAR Brand Ceramic Resistors. 
Our engineers are ready to assist you — 
without obligation. Just send complete 
circuit information, and tell us what you 
expect from the resistors you need. 


GLOBAR 


TRADE MARK 





Ceramic Resistors 


bly CARBORUNDUM 


“Carborundum” and “’Globar” are registered 
trademarks which indicate manufacture by 
The Carborundum Company, Niagara Falls, New York 


87-36 
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Abstract and Comment 








Survey of Industrial Research and Development Resources 


SoME 94,000 RESEARCH ENGINEERS and 
scientists were employed as of Janu- 
ary 1952 by approximately 2000 com- 
panies that participated in a survey 
by the Research and Development 
Board, Department of Defense, in 
mid-1952. These companies  ac- 
counted for $2 billion of research. The 
electrical manufacturing, aircraft and 
chemical categories were responsible 
for 55 per cent of the 1951 research 
dollar. Details of the survey have 
been made public in a preliminary 
report, “Industrial Research and De- 
velopment,” prepared by the Bureau 
of Labor Statistics, Department of 
Labor. Here are some _highlights:° 

Professional research workers were 
distributed among industry groups in 
roughly the same manner as the dollar 
volume research. They 


y were sup- 
ported by approximately 140,000 
technicians and administrative and 
maintenance personnel. Industries 


with the largest numbers of profes- 
sional research workers were also the 
largest employers of supporting per- 
sonnel. 


Effect of Military Service 


Engineers and scientists leave their 

* Brief comment on this survey appeared in ‘“Re- 
search Horizons,”” page 8, March 1953 issue, Exec- 
TRICAL MANUFACTURING, 


jobs for other positions or service in 
the Armed Forces at a rate which, in 
the past two years, assumed an im- 
portance equalled only in World War 
II. They have left the reporting firms 
during 1951 at an average of 16.4 per 
100 employed at the end of that year. 
Call-ups for military service (includ- 
ing selective service and activation of 
reserves) caused less than one-fifth of 
all these separations; however, the 
RDB report states, the effects in a 
full mobilization could be more seri- 
ous. As of January 1952, 19 per cent 
of the research engineers and scien- 
tists in the survey were members of 
the reserves or National Guard and 
therefore were liable for service. An- 
other 6 per cent were classified 1A or 
2A by selective service (available for 
immediate induction or granted tem- 
porary occupational deferments). 
These two groups totaled about 23,500 
of the 94,000 research engineers and 
scientists on which RDB received in- 
formation. 

The two industrial areas with the 
largest defense research programs ap- 
peared most vulnerable to military 
call-ups—34 per cent of the engineers 
and scientists in the electrical ma- 
chinery field (including most elec- 
tronics research) and 29 per cent in 





Top 15 Colleges in Engineering Enrollment 


Out oF 193 EDUCATIONAL INSTITUTIONS in the United States and eight more in 
Canada accredited by the Engineers’ Council for Professional Development, 
the following 15 are shown to be enrolling the greatest number of engineering 
students, according to the annual compilation made by the American Society 
for Engineer-Education in the fall of 1952. 

The 201 institutions had 156,080 engineering undergraduates and 20,469 


graduate students enrolled last fall. 


Undergraduates Graduate Total 

1. Illinois Inst. of Technology 4621 920 5,541 

2. Brooklyn Polytechnic Inst. 3,190 1,050 4,240 

8. Purdue University 3,808 313 4,121 

4. University of Illinois 3,672 378 4,050 

5. College of the City of N. Y. 3,336 307 3,643 

6. Mass. Inst. of Technology 2,384 1,027 3,411 

7. New York University 2.278 955 3,233 

8. Georgia School of Technology 2,956 157 3,113 

9. Cincinnati University 3,049 20 3,069 

10. Pennsylvania State College 2,547 207 2,754 
11. Newark College of Engrg. 2,114 590 2,704 
12. Texas A. & M. 2,509 68 2,577 
18. Rensselaer Polytechnic Inst. 2,186 294 2,480 
14. Ohio State University 2,202 274 2,476 
15. Iowa State College 2,094 113 2,207 
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the aircraft industry were subject to 
these calls. 

Cost of research during 1951 for 
the companies responding to the RDB 
survey amounted to 2 per cent of the 
total value of their sales or services. 
The proportion varied widely, rang- 
ing from 13 per cent in aircraft manu- 
facturing and 6 per cent in electrical] 
machinery and professional and sci- 
entific instruments, to 0.6 per cent in 
petroleum refining and primary and 
fabricated metals. In nonmanufactur- 
ing industries — principally telecom- 
munications—the ratio of research 
costs to sales or services was 1.7 per 
cent. 


Concentration in Large Companies 


Employment of professional _re- 
search personnel is concentrated not 
only in a few industries but also in 
a relatively small number of com- 
panies with large research programs. 
More than a third of the engineers 
and scientists in the study were em- 
ployed by the less than 20 companies 
with professional research staffs of 
1000 or more. In contrast, less than 
2 per cent were in the employ of the 
600 or so companies that reported 
fewer than five professional research 
workers. 

More than 40 per cent of these 
engineers and scientists were em- 
ployed by companies that cited either 
electronics or aeronautics as_ their 
major research specialty. Companies 
in the electrical machinery field did 
most of the research work here classi- 
fied under electronics. Aircraft manu- 
facturers did most of that classified 
under aeronautics. In basic sciences 
and materials, most of the work was 
done by companies in chemicals in- 
dustries; in ordnance, most of it was 
done by motor vehicle manufacturers; 
in fuels and lubricants, by petroleum 
refining companies. The research clas- 
sified under “equipment and supplies” 
and “other major specialties” was con- 
ducted in a variety of industries. 


Supporting Staffs Enlarged 


During the current period of man- 
power shortages in engineering and 
the sciences, many research organi- 
zations have expanded their support- 
ing staffs in an effort to utilize their 
professional personnel more efficient- 
ly. The “support ratio”—that is, the 
average number of supporting work- 
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DO 
FIT INTO THIS PICTURE? 


Metal stampings have been the specialty of G. P. & F. for over 73 years. 
The illustrations above show just a few typical examples of contract parts 
we make for hundreds of customers. If you use deep drawn or stamped 
metal parts in your products, the chances are good that we have the facilities 
to meet your requirements. When you think of G. P. & F., think of over 
1000 skilled people...15 acres of production facilities...293 deep 
draw and stamping presses...97 welding machines ...and a complete 
tool and die department. 


___ Stamping @ Drawing © Forming 
@ ech iil: ee LT, 
Lead Coating © Spray Finishing 
e e eo Wee tel tr Sonat ee gl sl -te- 1 (er) 


GEUDER, PAESCHKE & FREY CO., 1525 W. St. Paul Ave., Milwaukee 1, Wis. 


MAY 1953 289 





il terest and importance in research 
management. Detailed data on sup- 
port ratios have therefore been com- 
piled for companies which supplied 
the necessary information on the size 
of both their professional and _ their 
supporting staffs. 

Average support ratio for all the 
| reporting companies was 1.5 in Janu- 
| ary 1952. In nonprofit research agen- 
| cies, and in the transportation equip- 
| ment industries other than motor ve- 
| hicles and aircraft, the average num- 
| ber of supporting workers per engi- 

neer or scientist was only 0.7. At the 
other extreme was the motor vehicle 
industry, with a support ratio of 5.2. 

When the companies were grouped 
according to the size of their profes- 
sional research staffs, the support 
ratio was found to increase progres- 
sively. from an average of 1.0 tor the 
organizations with the smallest staffs 
to 1.6 for those with 125 or more pro- 
fessional workers. 

Industries which led in employment 
of research personnel—electrical ma- 
chinery, aircraft, and chemicals—also 
reported the largest research costs. 
They accounted for 55 per cent of 

eckin $i ¢ 60% the total 1951 cost—nearly $2 billion 
» & ime cu 0 dollars—of research and development 
e in the companies in this survey. Fur- 
material: cost cut 7% thermore, they employed, as previous- 
C ly noted, 55 per cent of the research 

© e e engineers and scientists. 
shipping weight cut 9% Companies with very large research 
programs accounted for a_ slightly 
higher proportion of the research cost 


With General Engineered Containers than of the employment. Those with 


professional research staffs of 1000 





* eve J eee | tist—has become a matter of wide in- 
j | fat | frit 


Wherever these giant cylindrical pressure sterilizers are going, or more reported 45 per cent of the 
it costs less to ship them. General container engineering cut L901 cost ~ employed about 40 
material cost $2.00, saved 70 minutes packing time and re- a baie = ~ a 
duced shi in wei h 4 : ea ° 440se tO per cent 0 1e COS Vas 

Pps ght 42 Ibs. on this hard-to-pack item . . . in organizations with — professional 


and this is only 1 of 12 cost-cutting containers we have helped 
to create for Ohio Chemical and Surgical Equipment (a Divi- 
sion of Air Reduction Company, Inc.) since 1949. 


staffs of at least 125 members, where- 
as about 75 per cent of all the re- 
search employees and _ slightly over 


Whatever your packaging problem, military or civilian, 70 per cent of the engineers and sci- 
General Box Company’s two fine packaging laboratories and entists were working for these com- 
trained packaging experts stand ready to help you solve it.  _——— 


Find out how you can cut costs. Write for complete details. Electronics a Major Field 

The major research — specialties 
which loomed largest in terms of cost, 
as well as employment, were elec- 
tronics (27.3 per cent) and aero- 
nautics (18.9 per cent). Companies 


BOX COMPANY factories: Cincinnati, Denville, N. J., Detroit, listing one of these two specialties as 
senateheicie East St. Louis, Kansas City, Louisville, Mil- the field in which they were most 
i meteen. il, waukee, Prescott, Ark., Sheboygan, Win- competent to do research accounted 

’ - 


Find out how other manufacturers are cutting container 
costs. Write for your free copy of “The General Box.” 





chendon, Mass., General Box Company of tor more than 45 cents of the average 
| J Mississippi, Meridian, Miss., Continental Box ‘ndustrial research dollar. 
ey hm Nearly half the research done dur- 
ing 1951 by the companies in this 
study was sponsored by the Federal 
esti rs I y 
eet eii EAS ee Rss government through prime contracts 
and subcontracts. Practically all this 
government - financed research was 


* Wirebound Crates and Boxes ¢ Generalift Pallet Boxes © Generalite Beverage Cases 
© Cleated Corrugated and Watkins-Type Boxes © All-Bound Boxes 
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_ Size 2 Magnetic Con 


DUAL VOLTAGE COILS regularly furnished 
at no extra cost, single or polyphase, save time, 
reduce coil inventory. 


PLASKON ALKYD ARC-BOX, most arc-re- 
sistant material available . . . fungus proof. 


SPECIAL SILVER CONTACTS of high conduc- 
tivity and superior arc-quenching properties. 


PROVISION FOR ADDING CIRCUITS... 
Furnas Switchlets, each with normally open and 
normally closed contacts, may be easily attach- 
ed by the user for auxiliary circuits. 


RUGGED CONSTRUCTION of all parts for 
long life and trouble-free service . . . Direct 
acting solenoid type magnet and contact mech- 
anism. 


EASY TO CONNECT... Shallow case for 
good visibility; pressure type terminals are right 
out in front. 


EASY ACCESS TO PARTS. Leads need not 
be removed to replace contacts . . . Coils can 
be quickly changed. 


POSITIVE ACTING THERMAL OVERLOAD 
UNITS of solder-pot type automatically pro- 
tect motor from excessive overloads. 


a 


: 

i 
New Furnas No. 2 series includes starters, contactors, rever- 
sing starters and reversing switches . . . with or without built-in 
push-buttons or selector switches. This series is available as 
open type, in general purpose cases or water-tight and dust- 
tight cast aluminum alloy enclosures. 


These features were carefully engineered 
by motor control specialists to produce 
the finest No. 2 size magnetic control 
possible. We'd like to send you full 

‘ particulars. Write Furnas Electric 
Company, 1024 McKee Street, Batavia, 


Iinois. 
Push Button and se- 


lector switch stations 
and other pilot con- 
trols are included in 
the Furnas line. 
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Insulating News 


News of G-E electrical insulating developments that can be 
important to your business. 


G-E VARNISHED CLOTH AND TAPES PROVIDE 
MAXIMUM INSULATION AND LONG LIFE | 


G-E varnished cloths and tapes were developed after years of research. 
Their outstanding properties result from a combination of G-E develop- 
ments, such as the Glyptal® Alkyd Resins and G-E Permafil used in 
their treatment. With G-E varnished cloths and tapes, you can 
counton... 


— 


EXCELLENT DIELECTRIC STRENGTH that affords superior insulation for electrical 


HIGH MECHANICAL STRENGTH that permits extremely tight winding and use 


where equipment is subjected to mechanical shock or wear. 
UNUSUAL FLEXIBILITY. G-E varnished cloths and tapes can be applied easily and 
quickly, even when the equipment involves irregularand difficult shapes. 


HIGH RESISTANCE. G-F Glyptal® alkyd resins, used to impregnate cloths, and 
G-E Permafil, used chiefly for treating glass fabrics, provide high 
resistance to oil, moisture, heat, and other damaging elements. 


os j 
G-E varnished cloths and tapes can be used for w rapping motor coils, 


protecting cable joints, insulating transformers—and wherever you 
want maximum insulation and protection. 





FOR MORE COMPLETE INFORMATION and free sample folder of G-E varnished 
cloths and tapes, write: General Electric Company, Section 328-3A, 
Chemical Division, Pittsfield, Massachusetts 


a, 
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conducted for the Department of De- 
fense or the Atomic Energy Commis- 
sion; only about 3 per cent was on 
projects for other agencies. 
Proportion of research cost borne 
by the Federal government varied 
widely by industry. The government 
provided the funds for 85 per cent of 
the research performed in the aircraft 
industry and well over half that done 
in electrical machinery and _profes- 
sional and scientific instruments. 
Small, as well as large, companies 
did research work on government 
contracts during 1951. Thirty-five per 
cent of the 1951 research cost of 
companies with less than 500 research 
engineers and scientists was govern- 
ment-financed. Even in the smallest 
organizations (those with less than 
five professional research employees) 
slightly more than a third of the re- 
search cost was for government work. 
In companies with large research 
programs, however, the government's 
average share of the cost was higher. 
It was 56 per cent for all firms with 
professional research staffs number- 
ing 500 or more. This relatively high 
figure for companies with large re- 
search programs resulted mainly from 
large government research contracts 
in aircraft and electrical machinery 


Relation of Research Cost to Sales 


The cost of research during 195) 
for the companies in this survey 
amounted to 2 per cent of the total 
value of their sales (or services, in the 
case of research and consulting or- 
ganizations not producing a physical 
product). This varies widely among 
industries. By far the highest figure, 
13 per cent, was found in aircraft 
manufacturing, owing primarily to the 
many large government research con- 
tracts in this industry and to the fact 
that in 1951 mass production of mili- 
tary aircraft was just beginning. The 
next highest ratio, 6 per cent, was 
found in electrical machinery and 
professional and scientific instruments. 
although these also had large defense 
contracts. 

A difficult problem in this survey 
was the definition of research and 
development. In some industries the 
line of demarcation between develop- 
ment and production is often hazy. 
In the aircraft industry, for example. 
new models may be introduced into 
production before the design is ac- 
cepted completely. The RDB defini- 
tion is: 

“Basic and applied research in the 
sciences (including medicine), and in 
engineering; and design, develop- 
ment, and testing of prototypes and 
processes. Excludes quality control, 
product testing, market research, sales 
promotion, sales service, and research 
in the social sciences.” ooo 
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ment and sales appeal to electric ranges for the first time in years! 
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| Outstanding new developments in heat control switches add real excite- 
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FULL HEAT G55 IN 30 SECONDS! @ 


Tey WW (More than 1000° F.) 






The Proctor Model #500 switch brings standard heating elements Ee. 
to full heat within 30 seconds! It provides customers with an infinite 
range of settings, produces inputs from approx. 8% to 100%. It 
gives them uniformly distributed heat over the entire element— | 
no hot spots or cold spots. No more fussing with settings. Switch is 
equipped with pilot light circuit. 


wis 


INFINITE NUMBER OF SETTINGS! . } : 


™. <* 


























1 
’ You can offer customers uniformly distributed heat, faster re- 
P sponse, and an endless number of settings, when your ranges 
include the Model #510 (for 1250w elements) and the Model #520 
y (for 2100w elements) switches! Inputs from approx. 8% to 100% 
l can be selected, and the entire coil is heated. These switches save 
you wiring costs, let you use single instead of double coils, and 
take less time to install. Pilot light circuit is standard. 
9 
) 
R PROBLEM? dual re 
lining YOUR". ices 
; e today, out , lication servi 
Write, wire, OF ject and special inhi 
: qe te you on all three of thes 
2 ore availa LF therland 
) THEM FOR YOURSE al in Booth 65, te Appli- 
SEE ‘eches will be on disploy eg and Heating APP 
? These switcne t the Institute of ee june |, 2, - 
: oe — turers Convention i" power on your drawing 
nce Manufacl’ them, for mo ion. 
33, Be sure to investiga ready in production PROCTOR ELECTRIC COMPANY 
$ 5 as . : 
boards os we 3rd St. and Hunting Park Ave., Phila. 40, Pa. 


TELEPHONE: Gladstone 5-8500 
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@ 1%, 3 and 5 lbs. ft. 
torque. 


@ For all standard AC 
and DC motor volt- 
ages. 


@ Dust-tight, water- 
proof and explosion- 
proof enclosures 
available. 


@ Floor or motor mount- 
ing. 
@ Continuous duty. 
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FRACTIONAL 
HORSEPOWER 


DINGS 
MAGNETIC 
BRAKES 


SELF-ADJUSTING! 
LONGER-LASTING! 
COMPACT! 
RUGGED! 


Self-Adjusting for Wear. New Dings frac- 
tional horsepower magnetic brakes automati- 
cally compensate for wear, requiring no ad- 
justment for up to a million and a half stops. 


Adjustable for Torque. Although the brake 
automatically adjusts for wear, critical adjust- 
ment of torque can be made to secure precisely 
timed stops. 


High Thermal Ratings. The exceptionally high 
thermal ratings of Dings brakes make possible 
longer life and more stops per minute from a 
given size brake. 


Compact. Dings brakes are space savers. 


Rugged. Dings brake housings are cast iron, 
covers are cast aluminum. 


Save Mounting Time. Dings brakes do not 
have to be disassembled for mounting, saving 
from 10 to 30 minutes labor. 


Simple—Direct Acting. No solenoids nor lever 
linkages. All brakes are equipped with manual 
release. 


Write today for complete data on Dings 
fractional and integral horsepower brakes. 


DINGS BRAKES, INC. 


4713 W. Electric Ave., Milwaukee 46, Wis. 


A SUBSIDIARY OF DINGS MAGNETIC SEPARATOR CO. 






Atmospheric Corrosion 


Resistance of Aluminum 


THROUGH a twenty-year corrosion 
study on aluminum—the longest and 
most intensive analysis of its kind ever 
made—aluminum has achieved a new 
record in withstanding atmospheric 
weathering and corrosion. This was 
established by two papers presented 
recently by two research men from 
the Aluminum Company of America 
before the Annual Conference of the 
National Association of Corrosion En- 
gineers in Chicago. 

The first paper, given by C. J. Wal- 
ton, D. O. Sprowls, and J. A. Nock, Jr., 
covered the results of a quarter-cen- 
tury of world-wide research. Service 
installations of aluminum that had 
been exposed to the atmosphere as 
long as 52 years were covered in the 
study; controlled test specimens have 
been exposed at weathering stations 
for as long as 20 years. 

The tests showed that aluminum 
alloys are highly resistant to corrosion 
after such long periods of exposure. 
Aiming particularly toward architec- 
tural and structural uses of aluminum, 
the report brought out aluminum’s 
“self-stopping” characteristic. This is 
its tendency to reduce the rate of 
weathering to a minimum after an 
initial exposure period. Conclusion 
offered by the paper were: 

1. Outdoor exposure of thousands 
of specimens for long periods to a 
variety of conditions, including severe 
industrial and seacoast atmospheres, 
show that aluminum alloy products, 
both wrought and cast, have a high 
resistance to atmospheric weathering 

2. This is attributable to the “self- 
stopping” nature of the attack of alu- 
minum alloys; that is, the formation 
of protective films which causes the 
rate of weathering to decrease 
markedly with time. 

3. The data indicate that after an 
initial exposure period of about one 
or two years, the maximum rate of 
penetration of corrosion is expected 
to be appreciably less than 0.2 mil per 
year for the more adverse conditions, 
such as severe seacoast atmospheres, 
and less than 0.1 mil per year for 
atmospheric weathering conditions 
normally encountered. 

4. Although some differences in re- 
sistance to weathering were noted 
among the aluminum alloys, the dif- 
ferences often were of little practical 
significance so that final choice of alloy 
would be based on other important 
requirements, such as strength, forma- 
bility, weldability, appearance and 
cost. 

5. Alclad products are character- 
ized by a high resistance to weather- 
ing and also by a unique resistance to 
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Designed and Fabricated 


this DILECTO GROMMET 





Li speinge wil andl hold Tigh / 


Here’s an idea and an example of C-D-F engineering skill 
teamed up with versatile Dilecto — laminated rolled plastic 
tubing — that can help you. Thousands of Dilecto grommets are 
being used in the aircraft industry for wire and cables that pass 
through bulkheads. Made from fine weave canvas, the C-D-F 
Dilecto grommet is cut into rings. The rings are grooved 

and beveled, then slit diagonally. The Dilecto grommet has a 
built-in tension that permits it to be easily compressed by hand 
and inserted in the bulkhead. Tension holds it tightly in place. 


It cushions. It insulates. It reduces assembly time. 


DILECTO is a C-D-F top quality laminated thermosetting 
plastic whose uses are limited only by the imagination. 
Supplied in sheets, rods, tubes, Dilecto answers most 
electrical and radio needs for a material that is 
mechanically and dielectrically strong ... resistant 
to high heat, hot oil, excessive humidity. It can be 
punched, stamped, formed and machined to close 
tolerances. Investigate its possibilities. Available 

in many grades to meet a variety of requirements. 

A qualified plastics specialist, your C-D-F sales engineer 
(offices in principal cities) will help you engineer 
a better product. Why not call him today! 


Another example of a part machined from 
Dilecto rolled tubing. Notice variety of 
machining steps and the possible versatility 
of this mechanically strong material. Only 
C-D-F makes Dilecto in sheet, tube and 
rod forms. 


THE NAME TO REMEMBER DILECTO LAMINATED PLASTIC 


Continental Diamond Pre 


MAY 1953 


NEWARK 13, DELAWARE 










Here’s a side-view of a Dilecto 
grommet, machined to close tol- 
erances from laminated rolled 
tubing. Sample of grommet and 
a general catalog will be sent 
on request. 
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5>-STEEL WASHERS 


for ALL REQUIREMENTS 


A DEPENDABLE SUPPLIER 
FOR 39 YEARS .... 


Fit yourself for a halo and keep production rolling 
when you go to dependable Joliet for standard 
and special washers. Thousands of special dies 
in many shapes and forms, 9/32” to 8” O.D., 
gauges No. 28 to 34”. A variety of finishes avail- 
able to meet your special needs, including: 
Electro-plating, Galvanizing, Parkerizing and 
Cyanide hardening. 






AFTER ALL! THERE'S NO SUBSTITUTE 
FOR QUALITY AND SERVICE 









Your emergency 
requirements are 
our special concern 









201 CONNELL AVE. 
JOLIET, ILLINOIS 


s. Tedlewe Bice ae 


@ Among the feature articles scheduled to appear 
in coming issues . an evaluation of Dry Type 
... the story of Ford 


Automation and what makes it tick . . . techniques for 


Transformer Insulating Systems 


applying Precipitation Hardening Stainless Steels . . 

review of a new Printed Circuit Packaging and Con- 
nector System .. . procedures involved in Qualification 
Testing of Control Relays . . . Plastics Problems in 


Electric Motor Design . . . how to design Springs for 


optimum performance . . . also the development story 


behind the new General Electric Heat Pump for re. '- 


dential service. 
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perforation. The perforation of alclad 
alloys makes them especially valuable 
for applications involving relatively 
thin sheet products for use under ad- 
verse conditions. 

W. W. Binger, R. H. Wagner, and 
R. H. Brown discussed the resistance 
of aluminum alloys tc chemically con- 
taminated atmospheres in the second 
paper, showing the high resistance of 
aluminum to corrosion by a_ wide 
variety of chemicals. Greater use of 
aluminum in the chemical industry 
and in highly industrialized areas is 
thereby forecast. 

Of the many substances causing at- 
mospheric corrosion in the vicinity of 
chemical plants, refineries and other 
industries, those encountered most 
often are combinations of hydrogen 
sulfide, carbon dioxide, ammonia, hy- 
drogen chloride, sulfur dioxide, mois- 
ture and dirt. The authors show that 
aluminum alloys are resistant to atmos- 
pheres containing these contaminants 
even when the conditions in many 
plants are further aggravated by the 
formation of chemical dust deposits. 
Laboratory and field tests continue to 
demonstrate that architectural alumi- 
num alloys resist corrosion by a wide 
variety of organic and inorganic chem- 
icals. 

The use of aluminum-base alloys in 
the coke, soda ash, sulfur, power, pa- 
per, salt, petroleum and petro-chem- 
ical industries has reduced corrosion 
losses with resultant savings in main- 
tenance costs. The authors point out 
that through cooperative field testing 
it will be possible to demonstrate 
many additional applications in these 
and other industries where aluminum 
alloys can be used to advantage. A 
sound, practical installation can best 
be obtained by taking advantage of all 
the information and experience that is 
readily available. o00 


Use of Atomic Power 
Presages Development of 
Automatic Machines 


IF AMERICAN INDUSTRY is to use atomic 
power, a complete changeover to 
automatic machinery will be neces- 
sary, it was predicted by Steven P. J. 
Wood, executive vice-president of the 
Warner Electric Brake and Clutch Co., 
Beloit, Wis. Although any attempt to 
predict when atomic power would be 
available for industrial use would be 
“premature,” he advised that 1953 
would not be too early to start prepar- 
ations for this eventual development. 

Mr. Wood pointed out that reports 
from atomic scientists seem to indicate 
that lead is the only material able to 
shield men and materials from radia- 
tion. Hence, operators of machines 
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The reason our genius looks so happy is that he has just 
used a Doerr brake motor in testing this mechanical 
marvel. A lot of overtime will be required to bring his 
design up to date, but he has found the final answer to 
his drive problem. 


We have assisted an impressive list of machinery builders 
with their motor applications. This has involved the 
development of many electrical and mechanical features, 
making our line extremely flexible and of particular 
interest to machine designers. Mail the coupon below for 


more information on Doerr motors. 


You 
- GET 
MORE 
——_ WITH 
—_—— DOERR! 


Polyphase brake motor in 66 
frame, with Stearns magnetic 


DOERR tee-phase type open. o 


? enclosed construction, with 
4 either foot or face mounting. 
Electric Crane g 
Electric Motors from 
CEDARBURG, WISCONSIN 1/30 to 5 hp. Standard, 
or Designed 


to Your Specifications. 


MAY 1953 
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DOERR ELECTRIC CORPORATION, Cedarburg, Wis., Dept. M5_ 
Please send your new bulletin on electric motors, without obligation. 


NAAE—$—$ ees 
CORP 


ADDRESS 


ZONE-__STATE 
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STANDARD and HEAVY DUTY 


- 


4 . & 


For Inverting D. C. to A.C. ...Specially Designed 
for operating A. C. Radios, Television Sets, 
Amplifiers, Address Systems, and Radio 
Test Equipment from D. C. Voltages 
in Vehicles, Ships, Trains, Planes 
© e 






~ and in D. C. Districts. oo 
Sai wo amo? 
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| Depolymerized Rubber 
| ber in 








SAINT PAUL 1, MINNESOTA—U. Ss. A. 
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been noted. 


| powered by atomic energy would be 


unable to control them exce pt at a 
distance. 

“Automatic machines must be de- 
signed that are so foolproof that they 
can be controlled at relatively great 
he said. Such machines are 
now on the drafting boards of the 
nation, but the conversion of complete 
plants to this type of operation certain- 
ly cannot be made ove right. 

Wood said that the maintenance 
problem of atomic-powered machines 


| would be terrific, and suggested that 


perhaps cheap, easily-installed _ re- 
placement parts would provide part of 
the answer. He indicated that some 
type of mechanical disassembler would 
have to be produced in order to facili- 
tate repairs in case of mechanical pro- 
duction-line breakdowns. 

Industrial plants are going to under- 
go a period of relative disorganization 
whenever the new power source is 
made available, and unless prepara- 
tion is made in plenty of time, costly 
delays will be general. But Mr. Wood 
added that the possibilities in atomic 
power for industry are more than 
worth the added cost of research and 
preparation today. Undoubtedly, the 
experience gained by the Atomic 
Energy Commission and our armed 
forces will be valuable to industry 
when released. Industrial leaders are 


| hoping that such information will not 


be withheld longer than is absolutely 
necessary for security reasons. 

Wood indicated that his firm is al- 
ready adapting various types of elec- 
tric controls for machines to e xtre »mely 
long-distance operations. goood 
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Depolymerized Rubber in 
Electrical Applications 


| Malcolm E. Doane 


H. V. Hardman Company 


natural rub- 
a flowable form—has acquired 
a number of interesting applications 
in the electrical field. Although avail- 
able experimentally for many years, 
commercial production is relatively 
new. Wire and cable applications have 
been probably the most numerous. 
One of these applications is for a 
self-setting DPR (Hardman’s §trade- 
mark) for sealing the connectors in the 
Signal Corps spiral-four communica- 
tions cable. This compound provides 
good adhesion to such materials as 
brass, polyethylene and __ various 
molded plastics. Since the compound 
sets to a soft gummy-like mass very 
little shrinkage is evident, and there- 
fore no moisture seepage along the 
walls of the connector and along the 
insulated conductors themselves has 
Insulation resistance val- 
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One Stop 
chopping 





for brace rod and bar 


You can get rod or drawn bar of Chase Free- 
Cutting Brass, Copper or a wide variety of 
other copper alloys at one stop — the Chase 
Warehouse nearest you! 

When you want free-cutting materials, it pays 
to buy Chase — for Chase rod and drawn bar 
yield the shorter chips that make for easier 
machining, longer tool life. They produce 
smooth, clean-surfaced products — less expen- 
sive to buff or polish before lacquering, 
enameling or plating. 

And when it comes to re-ordering, remember 
that Chase alloys are uniform — repeat orders 
of the same alloy always have the same cutting 
characteristics. 


h ® 
6 d S ‘ ’ BRAS: & COPPER The Nation’s Headquarters for Brass & Copper 
Albany T 


WATERBURY 20, CONNECTICUT ¢ SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


any Cleveland Kansas City, Mo. New York San Francisco 
Atlanta Dallas Los Angeles Philadelphia Seattle 
Baltimore Denver T Milwaukee Pittsburgh Waterbury 
Boston Detroit Minneapolis Providence 
Chicago Houston Newark Rochester t ( T sales 
Cincinnati Indianapolis New Orleans St. Louis office only ) 


299 





R= 


SMALL PARTS can play a BIG PART in... 


i 
eeeeeeceseoecesneeeee8 @eeeeeeeeeees 


Poduction 
Coste / 


Leading manufacturers in the electronics, ma- 
chinery, appliance and toy fields have been 
saving substantially by using precision Multi- 
Swage parts instead of those previously 
made by turning, drilling, 
stamping or forming. 


HERE ARE ONLY A FEW TYPICAL 
TINY PARTS MADE BY BEAD CHAIN’S 
Economical, Dependable 


MULTI-SWAGE METHOD 


7 =] 


STOP PIN 


LET BEAD CHAIN MAKE YOUR 
Tiny Parts t0 you" 
Gpecifications 
at fat less cost: 






The advanced manufacturing 
method developed and used 
exclusively by Bead Chain 
swages practically any type of 
small tubular part from flat 
stock into precision forms with 
positive, tight seams... and 
does it Automatically. If you 
can use high-volume produc- 
tion .. . we can deliver it ata 
much faster rate .. . and at far 
less cost! Scrap is eliminated! 
Deliveries to you are depend- 
ably prompt! 


We can supply you with parts 
that are beaded, grooved, 
shouldered and made with al- 
most any metal. Diameters up 
to 1/4’, lengths to 11/2” 


This catalog cansave _ 
T you a lot of eatuateile a 


time and money! 


: i Write for it 
ik chntinns enki Totty 
GET PROOF-POSITIVE 
COST COMPARISONS! 


Send us a blueprint or sample and quantity 





Q 















THE BEAD CHAIN MFG. CO. 
BRIDGEPORT 5, CONNECTICUT 


Please send me your Catalog of Multi-Swage Parts 


requirements. We will quickly show you the big 
economies we can deliver. 
NAME 
® > TITLE 
COMPANY 
Original and World's 
Largest Producer of Bead Chain 


THE BEAD CHAIN MANUFACTURING CO., BRIDGEPORT 5, CONN. 
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ues in excess of 500,000 megohms 
have been found even after immer. 
sion in water. 

The ease of assembly is noteworthy, 
|The connectors may be filled with 
compound by means of a gear pump 
| which may be regulated to deliver a 
specific volume of material. After fill- 
|ing and assembling the connectors 
‘they may be tested immediately since 
ithe electrical properties do not vary 


‘| appreciably between the set and unset 


‘compound, Upon standing for about 


‘|7 days at room temperature the com- 
‘| pound sets. When set, this compound 


| does not cold flow, or even flow at 200 
| F. It has been found to be resilient at 
temperatures as low as —67 F. This 
procedure is possible because DPR 
contains no solvents and is 100 per 
|cent rubber solids. 

| This compound is supplied in three 
parts; one part contains a master- 
| batch of the required accelerators; the 
| second part contains the fillers and sul- 
fur, which is under 2 per cent; while 
the third part is straight DPR. The 
| three-part system is necessary to en- 
| sure maximum stability prior to mix- 
ing. Upon mixing the three parts to- 
gether in the correct portions, the ma- 
terial has a pot life of from 3 to 7 
| days, depending upon the temperature 
| maintained and the maximum viscosity 
allowable for handling. 


Uses as Embedments 


| Owing to their ability of being 
|formed without the use of pressure, 
| these compounds are finding applica- 
{tion in the embedment of delicate 
|electronic parts. By using a self-set- 
ting type of compound it is possible 
| to embed parts which would not stand 
the high temperatures necessary in a 
| hot melt or oven curing type of com- 
| pound. If a soft stock is used it is pos- 
|sible to shock-mount these delicate 
components in the same operation as 
they are potted by using just one ma- 
terial. 

A semiconductive variety of depoly- 
merized rubber could be applied as a 
supplement to metallic shielding in 

| cables, since it may be applied in thin 

continuous layers. The physical prop- 
erties of semiconductive DPR ap- 
proach those of the dielectric and its 
electrical properties approach those 
of the metallic conductor or shield. 
The material may be used for any of 
the three fundamental purposes of 
shielding for electric fields. 

It is possible to get much more 
highly conductive stocks using DPR 
than with conventional natural rubber. 
When carbon black is dispersed in 
crude rubber in a rubber mill there is 
a tendency to overdisperse the carbon 
particles. This has a tendency to re- 
duce the conductivity of the stock be- 
cause many particles are coated with 
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..- COMPLETE STOCKS OF 
ALL THESE PRODUCTS: 
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READY FOR SHIPMENT 


Varnished Cambric Products 
Insulating Paper 
Varnished Tubing 
Saturated Sleeving 
Insulating Varnish 
Vulcanized Fibre 
Phenolite 

Fibre Wedges 

Wood Wedges 

Built-up Mica Products 
Asbestos Insulation 
Woven Glass Insulation 
Pressure Sensitive Tape 
Cotton Tape 

Cotton Sleeving 


Commutators Built To Specifications 


Teflon 
Silicone Resins 
Silicone Insulations 


1953 


A NATIONAL NETWORK OF WAREHOUSES SERVING ELECTRICAL MANUFACTURERS 


INSULATION AND WIRES INCORPORATED 


3435 Chouteau Avenue « St. Louis 3, Missouri 


Write For The AAddress Of The Warehouse Nearest Your Plant 


He Has The Answers 


To ALL Your Electrical 
Insulation Problems | 


No matter what your question, if it concerns the selection and appli- 
cation of electrical insulating materials, an IWI Representative is 
ready to help you. Backed by the experience of many years acquired 
in helping electrical manufacturers choose and use the right product 
in the right way, your [WI Representative offers you a single source 
from whom you can get the dependable technical help you want. 


There’s no need to ask, or wait for, help from the many different 
suppliers of every type of insulating materials you use—just ask your 
IWI Representative—he has the answers for you—-NOW! 

Remember WI For Everything In Electrical Iusulation 


IMMEDIATE DELIVERY from a fully stocked warehouse near you 


QUALITY PRODUCTS, nationally advertised and used by leading electrical 
manufacturers everywhere. 


Get What You Want 


When You Want 7 rm Wi 
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Manufacturers of appliances, radios, business machines, 


instruments, industrial equipment, automotive equipment, and 
aircraft have used over a million LEDEX Rotary Solenoids to 


~ 


provide dependable snap-action-power in their products. New 
ey one Cong SADEK Roteny 
Solenoids as the source for torque. 

Most basic sizes can be obtained with left hand or right 
hand rotary strokes of 25°, 35°, 45°, ee 





ROTARY SOLENOIDS 





123 WEBSTER STREET, DAYTON 2, OHIO 


an insulating layer of rubber, thus re- 
ducing the contact between the par- 
ticles of conductive black. With DPR 
this over-dispersion can be eliminated 
because there is less shearing effect 
from the mixing action. 

Many other new applications are 
under development at this _ time, 
Among the most interesting solves the 
problem of enclosing transformers in 
a rubber casing to protect them from 
physical shock and moisture seepage, 
At the present time these coatings are 
molded about the transformers in con- 
ventional molds using heat and pres- 
sure .By choosing the appropriate 
DPR compound the transformers can 
be enclosed by means of a simple 
casting technique. The elimination of 
the heavy molds and presses necessary 
for molding in itself constitutes a con- 
siderable saving in manufacturing 
costs. Actually all that is necessary for 
producing this item using a DPR com- 
pound are suitable molds, which may 
be little more than tin cans, and an 
oven for curing the castings. 

One of the great advantages of de- 
polymerized rubber is the fact that 
heavy equipment such as rubber mills 
and Banbury mixers are not needed. 
Many stocks may be compounded 
using a suitably designed agitator in 
a drill press. Commercial mixers, such 
as the Hobart mixer, will also prove 
ideal for certain compounds. 

Compounding DPR stocks is rela- 
iively simple. The basic constituents 
are a filler such as zinc oxide or even 
clay, the vulcanizing agent, sulfur 
and the appropriate accellerators. 
Ooo 


Acknowledgment: This report is con- 
densed from a paper delivered by Mr. 
Doane before a symposium on commun- 
ication wire and cable at Asbury Park, 
N. J., December 10, 1952, sponsored by 
the Coles Signal Laboratory. 


Reinforced Plastics in the 
Materials Conservation 
Program 

Franklin P. Huddle, 


Chief, Conservation Division 
Munitions Board, Department of Defense 


Piastics, especially reinforced plas- 
tics, are finding an ever-widening area 
of application in military designs. II- 
lustrations include the use of laminates 
in combat aircraft, guided missiles and 
ships, for such applications as 
radomes, antenna housings, ducts, 
wing tips, air intake scoops, mines, 
rockets and other structural applica- 
tions where their high strength-weight 
ratio, low thermal conductivity, dielec- 
tric properties, ease of molding and 
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Parker White-Metal Company ¢ 2153 McKinley Ave., Erie, Pa. 





on final PRESSURE TESTS! 


lies BASTIAN-BLESSING COMPANY manufactures the 
“RegO” line of liquefied petroleum gas equipment. To the 
LP-Gas industry ‘‘RegO”’ has become the symbol of quality— 
the assurance of a complete and satisfying service. The heart 
of the LP-Gas installation is the pressure reducing regulator 
—upon its accurate and reliable performance the entire 
system is dependant. Parker Die Castings were selected be- 
cause they reduced machining costs toa minimum. On final 
tests, less than 3% of the castings were rejected—-97% met 
the rigid requirements of tolerance and strength under high 
pressure. This is another instance when Parker Die Castings 
are serving industry. Parker Die Castings are economical. 
You can profit from Parker experience in designing and pro- 
ducing quality die castings for a variety of industrial and 
commercial applications. Consult with Parker on your next die 
casting requirements. The result will be mutually profitable. 
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Put dependable MOSINEE 














Forest Fibres to work for you! 


























Remember . . . MOSINEE means more than 
“paper” in the field of electronics and electrical 
products. MOSINEE stands for FIBRES that have scientif- 


ically controlled electrical, chemical and physical properties, 
































to perform specific functions .. . fibres of dependable 








technical uniformity vital to your quality standards and 




























production requirements. 

MOSINEE fibres can be made to your specifications, with 
®@ good dielectric strength, high tensile or tear strength... 
®@ specified pH for maximum-minimum acidity or alkalinity ... 
@ accurate caliper or density... 


@ proper impregnation characteristics for resin, wax or other 
substances... 


@ proper characteristics for plastics operations and parts . . . 


@ uniform softness, stiffness, flexibility, toughness... or other 
vital technical characteristics. 


MOSINEE has its sources of quality forest fibres, practical 
experience, laboratory facilities, and scientific production con- 
trols to create and produce the type of fibres your operations 
require. Contact MOSINEE. 







MOSINEE PAPER MILLS COMPANY 
MOSINEE, WISCONSIN 


MOSINEE 


makes fibres work for industry 












resistance to salt water corrosion are 
important. Can the plastics industry 
contribute to a materials conservation 
program aimed at alleviating our most 
extreme scarcities? If plastics can help 
in this vital area, even to a small ex- 
tent, the national security can be ad- 
vanced quite disproportionately to 
comparable substitutions elsewhere. 

Our current military conservation 
program has been a natural outgrowth 
of the international circumstances . of 
the past three years. By 1948 and 
1949 World War II had receded in the 
background and _ national attitudes 
compelled the Department of Defense 
to place fairly heavy emphasis on 
economy—that is, dollar conservation. 
It was during this period that the Ma- 
terials Conservation Program had its 
inception within the Munitions Board 
as a long term program. Thus, at first, 
conservation of materials took on 
something of an economy meaning. 
To be sure the military services have 
had their own separate conservation 
programs for a long time, but the 
effort at unified — coordinated — con- 
servation is of recent origin. Before 
the unified program had got well un- 
der way, however, war broke out in 
Korea and the focus of the program 
was sharply changed. The Korean War 
has made unmistakably clear that con- 
servation of materials is a valid pro- 
gram of itself, quite apart from any 
by-product benefits in savings of 
money. 

By conservation of materials is 
meant: Balanced use of all the mate- 
rials available to use for purposes of 
defense, achievement of a pattern of 
military equipment having such de- 
signs and specifications as can be pro- 
duced in the needed quantities in time 
of all-out war, and use of each avail- 
able material where it will do the most 
good and most strongly support over- 
all military production. 


Identifying Problem Areas 


The most effective approach to ac- 
complish these objectives is to identfy 
the principal problem areas, present 
and prospective, and to take inventory 
of all applications of these materials 
to see which are truly essential and 
which permit substitution. The essence 
of this approach is to be found in the 
Munitions Board Spot Materials Con- 
servation Program. 

The Spot Materials Conservation 
Program aims to bring about maxi- 
mum results in terms of quantities of 
materials saved, involving the fewest 
number of military end items and com- 
ponents and directed only to materials 
identified as most critical in time of 
mobilization. 

The first step in our program has 
been to identify the materials which 
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SLEEVING shown actual size 


For a World of Electrical High Temperature Insulation Problems... 


Refrasil is Ready for the electrical world with textile sleeving that provides 
effective space separation for critical electrical applications. Refrasil sleeving 
is manufactured by a special process which enables this efficient material to 
appara withstand temperatures up to 2000° F- 


BST eat Refrasil is Right for the electrical world with a flexible, mineral insulation 
erractory sleeving of high silica content that is chemically stable, unaffected by ordinary 
SSIES TT acids, and resistant to fire. 


EL If your electrical insulation must operate under extremely high temperatures 
or in a corrosive atmosphere, Refrasil sleeving is the efficient, inorganic 
Sethe insulation available in a wide range of sizes for a variety of applications. 


¢ 
REFRASIL has ALL 3! HITCO engineering counsel is available to you without charge to help you 
solve your high temperature insulating problems. For free sample of Refrasil 
sleeving, address inquiries to Mr. B. E. Williams, The H. I. Thompson Co., 


wico 1733 Cordova Street, Los Angeles 7, California. 
rll C0 WRITE OR CALL YOUR NEAREST REPRESENTATIVE: 


EASTERN MIDWEST SOUTHWEST 


THE H. |. THOMPSON CO. Fred W. Muhlenfeld _—_ Burnie L. Weddle Marshall Morris 
6659 Loch ga 3219 West oe — a oe 
Baltimore 12, ° Indianapolis 22, Ind. Fort Worth, Texas 
ESET i Valley 3135 Hickory 8685 Webster 2965 
Los Angeles 7, California 


Represented in Canada by RAILWAY & POWER ENGINEERING CORP. 
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insulation, too 


Particularly in view of the constant increase in the 
use of automatic machinery the good performance 
of the electrical wiring becomes more and more 
important. For obviously no machine performs 
better than the controls that operate it and no con- 
trol is better than its wiring. Good wiring thus be- 
comes essential for top performance and to main- 
tain efficient production schedules that result in lower manufacturing 
costs. To make sure that Lowell wires will meet or surpass all indus- 
trial requirements, Lowell’s Inspection Department makes numerous 
tests to determine the physical and electrical characteristics of both 
the conductor and the insulation. 
That is why Lowell wires can be depended upon to give top per- 
formance and maintain uninterrupted production at the lowest cost 
compatible with quality. Lowell’s staff will cooperate closely to 
select the type of wire best suited to your own specific requirements. 


Write today about your requirements. 


‘Fine Wires Only’’ 


Telephone Wires — Flexible and Portable Cords — 
Machine Tool Wires — Magnet Wires — Special Wires 
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demand our particular attention. In- 
itially we started with ten materials 
and the number has since been re- 
duced—at least temporarily—to five, 
These five materials are cobalt, colum- 
bium, molybdenum, nickel and tung- 
sten. These materials were selected on 
the basis of many different criteria, 
among which are: importance of the 
programs in which they are concerned, 
their long-range supply status, use for 
production of military “A” products, 
prospects of an increase in require- 
ments and concentration of require- 
ments. 

Having identified the materials re- 
quiring priority in our conservation 
effort, the second step is to identify 
most vital materials problems of the 
Department of Defense can be re- 
duced to about seven. These are, 
without any effort to name them in 
order of magnitude: 


1. High temperature alloys for jet 
engines (cobalt, columbium, molybde- 
num, nickel and tungsten). 


2. Tank and ship armor plate 
(nickel and molybdenum). 


3. Gun steels (nickel and molybde- 
num). 


4. High velocity armor-piercing pro- 
jectiles for anti-tank use (cobalt and 
tungsten). 


5. Salt water resistant ship piping 


(nickel). 


6. Barrel liners in rapid-fire ord- 
nance (cobalt and molybdenum). 


7. Nonmagnetic materials for ship 
and electric cable — construction 
(nickel). 

Thus the “problem” end items in- 
clude our principal jet engines, the 
calibers of ordnance required in larg- 
est tonnages in wartime, the family of 
anti-tank projectiles depending on a 
cemented carbide core for the pene- 
trant, the tanks and ships requiring the 
largest tonnages of alloy armor plate, 
and several corrosion-resistant or heat- 
resistant components. 

Having identified the military end 
items or categories consuming major 
portions of these five problem mate- 
rials, the next step is to examine each 
item or category in order to identify 
the smallest number of components 
containing the largest percentages of 
the five materials. In most end prod- 
ucts a comparatively small number of 
components contain the bulk of the 
critical materials contained in the en- 
tire item. The fewer items and compo- 
nents dealt with, the more effective 
and efficient will be the program. 

The fourth step is to ascertain in 
detail the precise quantities, gross and 
net, of each of the five materials re- 
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A Dependable Service for Over 50 Years 


Sleeve bearings in a wide variety of designs and 
sizes; cast bronze bushings; rolled split-type 
bushings; bimetal rolled bushings; washers; spacer 
tubes; precision bronze parts and bronze bars. 


FEDERAL-MOGUL CORPORATION 11063 Shoemaker + Detroit 13, Michigan 
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For SPECIFIED PERFORMANCE 
Specify JELLIFF RESISTANCE WIRE 


A WIDE RANGE OF ALLOYS... 
A WIDE RANGE OF EXPERIENCE... . 


COMPLETE CONTROL OF MANUFACTURE... 
make JELLIFF the ideal source of 
Resistance Wire to assure your Product’s 


Performance According to Specs. 


: on} : 
precision resistors—rheostats— : Sh tetetil ; 
relays—thermocouples—ohmmeters ze nai — = “ : pe “ “ a. 
—bridges—high-temperature fur- : Z 
naces can all benefit from the : : 
PLUS-PERFORMANCE of = ’ 
JELLIFF RESISTANCE WIRE GE ey 





Detailed Enquiries Welcomed. Address Dept. 25. 











No fastening problem with 
NYLOK Self-Locking 


* * 
NOW! Immediate Delivery 
YLOK Clinch Nuts. Simply press 
in nut...clinch, insert screw 


SELF-LOCKING =m insert sesures positive 
y oO u 
CLINCH NUTS lock. Assemble either end, 


speed up assembly. No dam- 

\ Nylon Insert age to nut in removing. Can 

Holds Tight be used again and again, 

with no loss of locking fea- 

MEETS MILITARY SPECIFICATIONS ture. Available in steel and 

aluminum, standard sizes #4 

“ize to #10, or others to specifi- 

44° cations. Write for complete 
32 information today. 








t 


DRILL HOLE INSERT NYLOK CLINCH NUT INSERT LOCKS THREADS -‘DOn't Design AROUND Your Fastening 
Problem—Design With NYLOK 


en oe ems Price savings now approximately 20% ~ 


CORPORATION, 475 Fifth Ave., New York 17, N.Y. 
FACTORY: Elmira Heights, N. Y. 


LPR Mesa SEA ae hohs sce eNSKS Rabb oahu week cause USE THE COUPON FOR 


a ahs t veaaecni MAD ac’ stote........ QUICK INFORMATION 
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quired per unit of the selected end 
items and components, and in total for 
full mobilization production of these 
items. For purposes of estimating mili- 
tary requirements, this information is 
assembled by means of carefully de- 
veloped factors which generalize in- 
dustrial practice. But to measure de- 
tailed conservation accomplishments 
in a specific end item or component 
this factoring approach can not be 
used. We must get actual “production 
practice” figures on an _ up-to-date 
basis. It is inevitable that this type of 
information will be wide of the mark 
at first, but as we pursue our inquiry 
we expect to achieve a steady increase 
in precision. 

The fifth step is to move from a 
status report in the direction of pre- 
dicted improvement. This means that 
we will try to obtain comprehensive 
information on all major products of 
research, development, design and 
equipment utilization, whether in 
process or under consideration, having 
a major influence upon the quantities 
of any of the five materials consumed 
in connection with production or oper- 
ation of any of the end items or com- 
ponents in the program. Precise de- 
tailed information is indispensable to 
the success of the program. Moreover, 
the information must be up to the 
minute. This part of the program 
should yield a fairly precise yardstick 
of results in our military conservation 
effort. 


Keeping Projects Moving 


The final step is the servicing of the 
program. It will be necessary to ascer- 
tain whether or not projects scheduled 
for completion have actually been 
completed. If a project lags behind 
the scheduled completion date it will 
be necessary to ask why and to take 
steps to stimulate faster action. It may 
be necessary or appropriate to ask one 
of the military departments, or to rec- 
ommend to the Research and Develop- 
ment Board, that projects be initiated 
where a need for conservation has 
been identified and no substantial pro- 
gram is under way. Strong Munitions 
Board support will be given to essen- 
tial projects where appropriate. 

In summary, the Spote Materials 
Conservation Program of the Depart- 
ment of Defense aims to concentrate 
and focus military efforts at materials 
conservation upon programs most 
likely to yield major results in saving 
materials of highest criticalness. 

What is the possible role of rein- 
forced plastics in this Spot Materials 
Conservation Program? To be per- 
fectly candid, plastics have a fairly 
limited application as far as this pro- 
gram is concerned. One of the great 
limitations upon plastics is their in- 
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40-VOLT- AMPERE INDUSTRIAL AMPLISTAT oper- 
ates directly from 115-volt, 60-cycle power supply. 


New line of G-E 


400-CYCLE PLUG-IN AMPLISTAT is a push-pull output DC linear amplifier 
with three separate input windings. Tube-type base simplifies mounting. 


Amplistats now available 


for high-gain DC amplification circuits 





ONE-VOLT-AMPERE AMPLISTAT is compact (two- 
inch cube), mounts in standard octal socket for 
convenient connection and easy circuit testing. 





EDUCATIONAL-LABORATORY AMPLISTAT (40- 
volt-amperes) has multiple input for flexibility. Dia- 
gram molded into panel allows easy demonstration. 
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The Amplistats (self-saturating magnetic amplifiers) illustrated here are 
typical of the units General “Electric is now producing. Ten ratings 
have been designed to extend application to a wide variety of circuits. 
There are two models in the l-volt-ampere range, one model in the 
40-volt-ampere range, and two models for use with 400-cycle input 
current. 


An Educational-Laboratory unit (40-volt-ampere) and a 400-cycle 
hermetically sealed unit are also available. New ratings of 25-volt- 
amperes, 125-volt-amperes, and 600-volt-amperes will go into pro- 
duction in the near future. 


General Electric’s expanded line of Amplistats offers you many 
advantages in the design of control and instrumentation systems 
which require high-gain DC amplific ation of small signal sources. 
Combining amplifyi ing and rectifying elements in a pac kaged unit, G-E 
Amplistats g give you instant starting, lets power consumption, long life, 
electrical signal ‘isolation, and rugged durability where moderate shock 
or vibration. might occur. They are simple and convenient to mount, 
and are often lighter in we ight than other types of amplifiers. 


G-E engineers are ready to assist you in developing complete 
amplification systems around these units or in designing units for 
specific applications. Mail coupon below for more information on 
G.E.’s new Amplistat line. General Electric Co., Schenectady 5, N. Y. 


General Electric Company 


| Section A 411-110 | 
Schenectady 5, N. Y. 

| Please send without charge bulletin GEA-5950 on G.E.’s new Amplistat line. | 

| 1 For immediate project. (CJ For reference only. | 
NAME... é TITLE 

| COMPANY : : ; : eee ras | 

| ADDRESS CHY..... STATE. _ | 

| | 

| GENERAL QB ELECTRIC | 
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ready to place the right plastic 
parts right into your hands 


Successful production of this sub-base for aircraft 
control panels by PRP gained these major advantages 
through this brand-new use of glass filled Plaskon 
Alkyd 440A . . . total cost wag materially reduced by the 
elimination of approximately 140 separate parts .. . 
greater resistance to deformafion . . . easier wiring and 
assembling of other components into a more trimly 
compact, better looking panel. PRP worked closely with 
customer engineers in developing this notable 
application of Plaskon Alkyd — sfa@nds ready to work 
with you toward improving your product and profits. 

And our plane stands ready now to bring you here for a 


time-saving (and probably a money-sayifig) meeting. 


when you look for 
plastic moldings, look first to 


Piastic ‘Research ‘Products, 
Urbana, Ohio 





ability to endure elevated tempera- 
tures. It is not likely that plastics will 
be able to replace $-816, inconel or 
18/8 stainless steels in jet engine de- 
signs. With these alloys, the problem 
is one of maintaining strength, stabil 
ity and corrosion-resistant at tempera- 
tures ranging upwards from 1500 
degrees F. The same limitation applies 
in the case of liners for machine guns, 
where accumulated heat generated in 
the firing chamber, coupled with the 
corrosive combustion products of the 
powder charge, erosion of the projec- 
tile, and the shock of the explosion 
require performance characteristics 
probably unattainable in any plastic. 
The same is true of gun steels. Aside 
from some possible use as guide rings 
or bases, plastics do not seem promis- 
ing for use in armor-piercing projec- 
tiles. On the other hand, it appears to 
me that plastics offer possible oppor- 
tunities in the remaining categories. 
These are: armorplate, salt water re- 
sistant piping and valves, and non- 
magnetic materials for mine sweepers. 
If substantial replacement of metal by 
plastic can be accomplished even with 
these categories, the national security 
will be well served. 


Plastics for Armor 


To some extent plastics, especially 
reinforced plastics, are already in- 
volved in some aspects of each of 
these categories. Perhaps the most 
outstanding example is the personnel 
armor that is achieving such outstand- 
ing recognition on the Korean battle- 
front today. Partial application of re- 
inforced plastics to tank construction 
is surely not too far-fetched an idea to 
deserve our consideration. 

The use of reinforced resins in non- 
magnetic ship construction for mine 
sweepers is a very attractive one. It 
is certainly true that there is room for 
greatly augmented use of reinforced 
plastics in ship construction. There is 
no doubt but that this development 
will come in time. The advantages of 
the plastic would seem to be obvious. 
Resistance to salt water corrosion, high 
strength-weight ratio and absence of 
magnetic field. 

I have tried to emphasize that it 
would be of unusual significance to 
the national security if this handful of 
technical problems could be solved 
and certain uses of these five materials 
— cobalt, columbium, molybdenum, 
nickel and tungsten—reduced or elimi- 
nated without, of course, any substan- 
tial loss in performance. The applica- 
tions I have enumerated are principal 
applications insofar as the Department 
of Defense is concerned, but any ad- 
ditional conservation of the five metals 
would be highly welcome. And, of 
course, we are also interested in other 


ELECTRICAL MANUFACTURING 








Mallory vitreous enamel, wire-wound power 

resistors meet a wide range of requirements 
for electrical and electronic applications— 
both military and commercial. They offer 
a high degree of reliability in extremes of 
temperature and humidity, and in areas 
where salt spray invites electrolysis. 
MILITARY TYPES — 


Mallory vitreous enamel resistors conform to 
characteristic G of Specification JAN-R-26A for 
the following types: 

Tubular type: RW29 through RW47 

Flat type: RW20 through RW24 


COMMERCIAL TYPES — 

Fixed and adjustable types are available for 
applications covering a wide range of resistance 
and wattage values. 


MALLORY 4&4 @@., 





MAY 1953 


MALLORY 


Vitreous Enamel 
Power Resistors 


Military and Commercial Types 


In addition, the complete line of 
Mallory mounting hardware and acces- 
sories include: mounting brackets, cen- 
tering washers, through-bolts and studs 

and special brackets. Standard and special 

terminal lugs fit every kind of light and 
heavy duty service. 


For all your resistor requirements... 
check with Mallory first. Mallory field engi- 
neers will be glad to help you determine 
the values and sizes of resistors best suited 

to your special needs. Standard, commercial 

type resistors are carried in stock for your 

convenience by Mallory Parts Distributors 
in every important city. 


NEW LITERATURE AVAILABLE 


New Technical Information Bulletins on 
vitreous enamel resistors, the complete line of 
Mallory power rheostats, and wire-wound 
potentiometers conforming to military specifi- 


cations JAN-R-19, are just off the press... 
write for your copies today. 


SERVING INDUSTRY WITH THESE PRODUCTS: - 


Electromechanical — Resistors * Switches * Television Tuners * Vibrators 
Electrochemical—Capacitors « Rectifiers * Mercury Dry Batteries 


Metallurgical —Contacts* Special Metals and Ceramics * Welding Materi 


INDIANA Pettis 6, 


INDIANA 
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Size: 
a” «6° a7” 
14 Pounds 


ANOTHER EXAMPLE of {iene PIONEERING... 


The WIDE BAND POCKETSCOPE, model 





$-14-B, hits a new high in frequency response for 
light, compact, truly portable oscilloscopes. The 
response extends all the way from DC to 700 KC 
within —2 db without peaking. Thus providing a 
pulse rise time of 1.8 microseconds. Furthermore, 
sensitivity has not been unduly compromised in 
order to accomplish such fidelity. The vertical 
sensitivity is 50 millivolts rms/inch. The sweep 
is operated in either a repetitive or trigger mode 
and covers a range from 0.5 cycles to 50 KC with 
synchronization polarity optional. Other essential 
vertical and horizontal amplifier characteristics 











PHILADELPHIA 25, PA. 
_ CABLE ADDRESS: POKETSCOPE 


rN 
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include non-frequency discriminating attenuators 
and gain controls as well as individual calibration 
voltages. Additional provisions for direct access 
to all the deflection plates, the second anode, and 
the amplifier outputs help to make the S-14-B a 
standout instrument of flexibility and utility. All 
this plus portability! The incredibly small size 
and light weight of the S-14-B now permits “‘on- 
the-spot” use of the oscilloscope in all industrial, 
medical, and communications fields. Its rugged 
construction assures “laboratory performance” 
regardless of environment. 


WATERMAN PRODUCTS CO., INC. 


WATERMAN PRODUCTS INCLUDE 


S-4-A SAR PULSESCOPE® 
$-5-A LAB PULSESCOPE 


S-11-A INDUSTRIAL POCKETSCOPE 
S-12-B JANized RAKSCOPE® 

S-14-A HIGH GAIN POCKETSCOPE 
S-15-A TWIN TUBE POCKETSCOPE 





Also RAYONIC® Cathode 
Ray Tubes and Other 
Associated Equipment 
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conservation measures. Thus, the sub. 
stitution of reinforced plastics in aero- 
nautical applications where aluminum 
or copper or magnesium structures are 
replaced or for marine or tank-automo- 
tive sheet, are of very substantial 
merit. My intention in this paper has 
been only to suggest that within the 
field of the Spot Materials Conserva- 
tion Program there is a significant 
challenge to the reinforced plastics in- 
dustry, and that any successful substi- 
tution in this area will result in the 
maximum contribution to materials 
conservation in the Department of 
Defense. 090 
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G-E Announces 
Organizational Changes 


TWO ORGANIZATIONAL CHANGES have 
been made in General Electric’s Con- 
struction Materials Division. One is 
the establishment of an Accessory 
Equipment Department within the 
Division. Organized by consolidating 
the Industrial section of the G-E 
Monowatt Department, Providence, 
R. L, with the Accessory Equipment 
section of the Wiring Device Depart- 
ment, the new department will have 
its headquarters at Bridgeport. 

It has been given the responsibility 
for the engineering, manufacturing, 
and marketing of wiring components 
for appliances and electrical equip- 
ment, lighting component devices, 
power supply cords and cord sets, 
wiring harnesses, and defense products 
used by manufacturers of electrical 
products. 

Both General Electric 
equipment lines and Monowatt indus- 
trial lines will be retained. Frederick 
C. Dazley is general manager of the 
Department and Donald G. Kimball, 
manager of engineering. 

The second change consolidated the 
Wiring Device Department at Bridge- 
port and the Monowatt Department 
into a new department to be known as 
the G-E Wiring Device Department. 
Headquarters will be at Providence. 

The new department will be respon- 
sible for such products as wiring de- 
vices, cord sets, fuses, fluorescent 
accessories, remote-control wiring, 
heating cable sets, and electric house- 
ware items. Both General Electric and 
Monowatt brand lines will be retained 
and manufacturing operations will be 
continued at present locations. Abe F. 
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~& Single & Double Inlay Fabricated Parts 


A Single & Double Inlay Composite 
Contact Material 


GENERAL PLATE 


Composite Contacts Reduce Fabrication Costs... 
Provide Better Performance 


General Plate Composite Contacts are an eco- 
nomical solution to your contact problems. 

General Plate Composite Contact Materials 
make it possible to manufacture complete contact 
assemblies to close tolerances by single blanking 
and forming operations as compared to other 
methods whereby the contacts and supporting 
members are fabricated separately and then as- 
sembled by brazing, welding or staking methods. 

The junction between the precious metal and the 
base metal is homogeneous and free of voids result- 
ing in a high rate of heat transfer. The rapid dis- 
sipation of heat away from the contact surface ma- 
terially reduces electrical erosion. In many applica- 
tions, General Plate Composite Contact Materials 
provide increased contact life even with a reduc- 
tion in the thickness of the precious metal as com- 
pared to the thickness of the precious metal used 
in separate contacts. 

By letting General Plate fabricate your complete 
contact assemblies, you will save money, time and 
trouble ... needless equipment cost and problems 
of scrap disposal are eliminated .. . contacts 





and/or contact assemblies made to your exact spec- 
ifications are shipped to you ready for installation. 

If you fabricate your own parts, General Plate 
Composite Contact Materials will still save you 
money and allow you to make contact assemblies 
superior to those produced by other methods. 

The long experience, diverse facilities and manu- 
facturing skill of General Plate will benefit you in 
the form of service, quality and savings. 

Write for complete information and Catalog 
PR700. 


You can profit by using 


General Plate Composite Metals! 





METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 


45 FOREST STREET, ATTLEBORO, MASS. 


See how 
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J NEW BROCHURE 
SHOWS HOW PERMOLD KEEPS 


“UNDER CONTROL” 


Ask for your copy—a pictorial description that shows how 
continuous, scientific control of Permold aluminum casting 
quality, fo specifications, saves you time and money. 
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Warren has been appointed general 
manager of this department and G, 
Bert Bernander, manager of engi- 
neering. 2 


Human-Engineering 
Course for 
Design Engineers 


A FIVE-DAY LECTURE and _ laboratory 
course on human-engineering prin- 
ciples and methods in product design, 
as well as in related fields, will be 
held August 3-7, inclusive, under the 
sponsorship of the Human Engineer- 
ing Institute, Dunlap and Associates, 
Inc., Stamford, Conn. 

The course will emphasize design 
problems and will feature individ- 
ualized instruction by Dunlap’s pro- 
fessional staff with its background of 
human-engineering experience in in- 
dustrial and military fields. Classroom 
meetings, laboratory and 
round-table discussions will be held 
each day. 

Classroom topics will include the 
following: 

1. Use of data on body dimensions 
and dynamics in design of equipment. 

2. Perception—how information is 
obtained; including the most effective 
ways of presenting information 
through each sense (primarily visual, 
auditory, tactual). 

3. Proper design of instruments 
(counters, dials, etc.). How to select 
the proper instrument as a function 
of the type of information to be com- 
municated, the use to be made of this 
information, and the conditions under 
which the information is to be com- 
municated; how to design the instru- 
ment in terms of size, shape, location 
and operation. 

4. Body responses—how controls 
are operated. 

5. Proper design of controls (knobs, 
hand-wheels, etc.). The proper con- 
trol as a function of the job to be 
done; design in terms of size, loca- 
tion, mode of operation; and other 
factors. 

6. Proper design of related instru- 
ments and controls. “Natural” and 
“unnatural” relations between instru- 
ments and controls. Design of instru- 
ment panels that are easy to under- 
stand and with associated controls 


sessions 


| easy to operate. 
T H E | Please send new brochure, “Quality Control Under | | ~ . : ses 

| e me ; 7. Relation between systems re- 

Control,” describing modern casting methods and 1 | a ; 
| facilities ot PERMOLD 1 | search and human engineering; in- 
r 0 ! 1 dustrial application of human engi- 

| Nome as —— | | neering. 

iti Enrollments will be limited in 

i Position | ‘ 
a | | number and the enrollment deadline 

ompan . ~ fe 

820 West Liberty Street _— || is July 1, 1953. A specified fee (cov- 
Medina, Ohio Address || ering texts, handbooks, other tech- 
ee = | nical materials) will be charged. Fur- 


314 ELECTRICAL MANUFACTURING 





ma fn ON sinter 
9). > 


The Iron Horse that reads and heeds with Electronic Eyes 











The Super Chief of the Santa Fe Railway car- 
ries electronic equipment that “reads” the con- 
ditions of the track ahead and describes the 
signal lights to the engineer. If, for some reason, 
he fails to heed this message, the equipment 
automatically takes over control of the throttle. 
This is truly safety in motion. 

Holtzer-Cabot motor generator sets, which 
power electronic equipment on the Super Chief 


control system, employ Regohm v voltage nee 
tors exclusiv ely. Wherever the going gets rough 
on land, sea or air applications, this compact, 
electro-mechanical controller withstands severe 
vibration, shock or ambient temperature condi- 
tions. And standard models provide voltage out- 
put constant within less than +2%. 

Here are the reasons why Holtzer-Cabot en- 
gineers have standardized on Regohm voltage 
regulators: 


Powered by Holtzer-Cabot Generators 





1. Low Cost—Regohm costs less, does more, than 
the complex equipment that once was the only 


available solution to control problems. 
Controlled by , 


2. Ruggedness—Upgrade, downgrade, _working 
on a railroad demands the ability to “take it.’ 


a Regohm has it, is sturdy and reliable. 

ego mM 3. Long Life—In properly engineered installa- 
tions, Regohm’s life is measured in years. This 
means low maintenance cost. Shelf-life is sub- 


Voltage Regulators nlm 


4. Simplified Maintenance—Regohm’s plug-in 
feature simplifies replacement and maintenance 
by unskilled crews. There are no parts to renew 
or lubricate. 























5. Good Regulation—Regohm insures continuous 
control and will stabilize control systems with 
widely varying characteristics. 


Our engineering and research staff can help 
you develop optimum design for your equip- 
ment and system. Learn how Regohm can help 
you with your regulation problem. Write for 
Bulletin 505.00. The address: Department L., 
Electric Regulator Corp., Norwalk, Conn. 


CONTROL COMPONENT IN: Servo systems * battery chargers * airborne controls * portable 


and stationary generators * marine radar * inverters * locomotive braking systems * mo- 





bile telephones * guided missiles * signal and alarm systems * telephone central station 


equipment * magnetic clutches * railroad communication systems. 
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AUTOMATION 


Your 
Machines 


plus 


Fagle 
Timers 


MICROMETER ACCURACY 


The patented Microflex 
Threaded Axle and Pin- 
ion uses 20 turns of the 
dial. Multiplied 20 times, 
7200°, for more accur- 


You can increase the accuracy of 
your machines, reduce human 
errors and speed up production, 
for greater profit. There is a staff 
of “know-how” engineers at 
Eagle, ready to suggest the right 
answer to your production prob- 
lems without obligation. Let 
Eagle Automatic timing increase 
production and profit for you. 


A WIDE VARIETY OF 
TIMERS AND COUNTERS 
FOR YOUR SELECTION 






ee an CORPORATION mouiNé.!+! 
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ther information can be obtained from 
Dr. Jerome H. Ely, Human Engineer- 
ing Institute, Dunlap and Associates, 
Inc., Box 1070, Stamford, Conn. 


Og 


New Light Source 
Demonstrated 


ELECTROLUMINESCENCE, the newly 
discovered method of producing light, 
was discussed by Dr. Edwin F. Lowry 
before a recent meeting of members 
of the Franklin Institute. Dr. Lowry 
is manager of the Engineering Labo- 
ratories of Sylvania Electric Products, 
Inc. 

Employing commercial and labora- 
tory electroluminescent lamps to illus- 
trate his lecture, Dr. Lowry pointed 
out that it was the first form of area 
lighting yet produced. Heretofore all 
lighting has been either from point 
sources such as candles, oil lamps, 
and incandescent bulbs, or from line 
sources such as neon sign tubing and 
fluorescent lamps. Now, whole panels 
of glass may be treated to provide 
even, cool lighting without the use 
of bulbs, tubes, or filaments. 

As presently constructed, the elec- 
troluminescent lamp takes the form 
of a sandwich in which a thin sheet 
of special phosphor embedded in a 
suitable dielectric is held firmly be- 
tween two conducting plates at least 
one of which is transparent glass. 
When an alternating electric voltage 
is applied to the plates, the phos- 
phordielectric lights up. 

The Sylvania company is now en- 
gaged in commercial production of 
electroluminescent lamps. The fact 
that these electroluminescent lamps 
are thin sheets which take up very 
little space and yet furnish a_ uni- 
formly lighted area, make them espe- 
cially suited to certain applications 
such as clock and meter dials, street 
sings, and illuminated house numbers, 
as well as other applications where a 
uniformly luminous area is desired. 

ood 


Motor Drives Added to 
X-ray Machine 


ONE HAZARD in the treatment of in- 
ternal tumors by X-ray is that healthy 
tissue can be damaged as well. To 
shorten the exposure of sound areas, 
recent practice has been to rotate the 
patient while the X-ray beam remains 
focused on the tumor. This obviously 
uncomfortable procedure is made un- 
necessary by the rotational therapy 
unit developed by the North Amer- 
ican Phillips Company, Inc. 

With the new unit, the X-ray tube 
is focused on the tumor, then rotated 
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G IT’S Bros. covers the entire range of lubricat- 
ing devices: Oil Hole Covers, Oil Cups, Grease Cups, 
Bottle Oilers, Gauges. Gravity-Feed, Wick-Feed, 
Constant Level, Vibrating Rod styles. Threaded or 
Drive-type. Elbow or Straight. 


G IT’S Bros. offers the most complete selection 
of standard styles. 


GITSs consistent quality in design, materials 
and machining has made Gits Lubricating Devices the 
standard for industry for more than 40 years. 


GITSs Lubricating Devices are far-famed for 
solving tough oiling problems at low cost. 


G IT’S Bros. Engineering Staff—true specialists 
in lubrication engineering — is at your disposal. 


Write today for free illustrated Price Guide Catalog. Use it 
as your handy reference for lubricating devices. 


GITS BROS. MFG. Co. 


1840 S. KILBOURN AVE. * CHICAGO 23, ILL. 
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Fishing for waterproof toggle 
switches? Then get your hooks into 
these! They actually open and close 
electrical circuits underwater . . . func- 
tion perfectly from 65° below zero to 165° above 


. defy salt spray . . . and withstand shock and 
vibration! 


Riverside engineers developed the prototype of 
this switch to meet aircraft requirements, then 
modified it for present applications. It’s being 
furnished now with ratings from 20 to 200 am- 
peres, in toggle arrangements of momentary ON or 
OFF and stationary ON or OFF, with one or two 
hole mounting. Switch body is encased in a molded 
rubber compound developed to meet military 
specifications. Waterproof lead wires are vulcanized 
into the rubber case and become integral parts of 
the assembly, as does the switch mechanism itself. 
Waterproof connectors are assembled to the leads 
when required. 


Perhaps now, or with further modification, this 
switch can put a “‘plus” into your product! Addi- 
tional applications, better performance, “‘ built-in’’ 
safety for an appliance or power tool .. . or to 
solve some other problem for you. Consult our 
engineers. They’ll be glad to give you design and 
manufacturing recommendations for any intricate 
electrical devices or assemblies. Send specifica- 
tions, prints or samples . . . today! 


953 Electrical Exhibition, 


Ca 
cP 


10227 MICHIGAN AVENUE e DEARBORN, MICHIGAN 


SWITCHES Hz7. 








EXPERIENCED ASSEMBLY PERSONNEL 






4 
sE 
ty t. : 


POSITIVE CONTROL OVER QUALITY 





COMPLETE PRODUCTION FACILITIES 


See how per switches are made in our Booth No. 218 


Detroit 


‘nerside Manufacturing 


AND ELECTRICAL SUPPLY COMPANY 


e PHONE Tiffany 6-6800 


WIRING HARNESSES AND ASSEMBLIES e CORD SETS e HEATER AND EXTENSION 
CORDS e ELECTRICAL SWITCHES e RELAYS e MOLDED RUBBER PRODUCTS 
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ELECTRICAL 


through any angle selected up to 330 
deg. Thus, a wide area of skin is 
automatically covered, giving a higher 
tumor dose with less skin damage. 
Movement of the X-ray tube is en- 
tirely automatic. 

The equipment consists of 
radiation stand, a control unit and 
a treatment table. In use, the recum- 
bent patient is placed in proper posi- 
tion so that X-rays are focused on 
the area in the body to be treated, 
One motor mechanism is employed to 
move the X-ray tube back and forth 
continuously in an are around the 
patient with maximum travel of ap- 
proximately 330 deg. In effect, the 
X-ray beam is the radius of a circle 
whose center is the internal tumor, 
Thus, the X-rays reciprocrate in a 


an ir- 





X-ray 


rectional 


unit features mullti-di- 
of tube turret. This 
protection for healthy 
gained by 
constantly during 


therapy 


drive 
provides the 
that 
moving 


tissue was formerly 
patient 


treatment. 


linear path across healthy tissue sur- 
rounding the target. 

This linear path is broadened into 
a rectangular area by a second motor 
drive that moves the X-ray tube as- 
sembly back and forth horizontally 
above the table. Now, this is a 
purely horizontal movement, some 
means must be provided to keep the 
X-ray tube directed at the target. A 
third drive mechanism accomplishes 
this by pivoting the X-ray tube about 
the end of the sliding horizontal shaft. 

With the three drives, the X-ray 
tube describes a cylindrical area in 
space, while the beam remains pin- 
pointed on the tumor. 

Positioning of the patient’s table 
both horizontally and vertically is 
through built-in controls. Adjustment 
of the X-ray tube is by means of light 


since 


beams arranged to focus on_ skin 
marks triangulating the tumor loca- 
tion. 


The control unit supplied with the 
Rotational X-ray Therapy Apparatus 
supplies constant potential of 200,000 
volts at 20 ma. The X-ray tube is oil- 
coo'ed and of small dimensions. i 
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assurance! 


In the critical applications 





where life may depend upon a single 
thread of copper, the known quality 

of Hussey Copper has earned its 
reputation. Hussey’s controlled 

quality manufacturing methods have 
established unusually high standards 

of purity, uniformity and dependability 
that deserve your specification. 

Make sure .. . specify HUSSEY COPPER! 


Hussey 


Copper 


Since 18.48 & Brass 


C. G. HUSSEY & COMPANY 


(Division of Copper Range Co.) 


ROLLING MILLS AND GENERAL OFFICES 
PITTSBURGH 19, PA. 





Seven Convenient Warehouses 


@ CHICAGO @ NEW YORK 
@ CINCINNATI @ PHILADELPHIA 
@ CLEVELAND @ PITTSBURGH 

® ST. LOUIS 
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HEAT 


DOUBLE POLE 
THERMOSTAT 


PLibeth UVa 
HEAT SELECTOR 


A te a) feu 
AL iG 


7 SL 
ELEMENT CUT-OUT 





the dial and two elements are automati- 
cally cut in for quick pre-heating. Shortly before 
pre-heat temperature is reached, the control cuts 
out No. 1 element to minimize overshoot; then 
automatically cuts out No. 2 element, then auto- 
matically maintains temperature by recycling 
No. 2 element. 


Although developed for electric ovens, here is a 
control that may solve many problems where it 
is desired to pre-heat quickly and then maintain 
set temperature automatically. This control has 
a maximum temperature range of 550°, is fully 
automatic, flexible, compact. It is easy to install in 
any of four mounting positions. Three basic mod- 
els are available. 


Write for full information. 


Kohertshaw Fulton 


CONTROLS COMPANY 





ROBERTSHAW THERMOSTAT DIVISION, YOUNGWOOD, PENNSYLVANIA 
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Metal Statistics 





Metals were on the downtrend in April. High- 
lighting a general easiness in major metals 
were price declines in lead and tin and a 
general leveling off in copper prices. 


THE PRICE WEAKNESS developed in an atmosphere in- 
duced by the Russian peace offensive and also re- 
flected the sharp price drop in metals on the London 
Metal Exchange. Result: hesitancy and caution be- 
came consumer watchwords during the month. 


Copper—All major copper producers in April lev- 
eled off at the 30¢ price for electrolytic copper, de- 
livered Valley. This came about when Kennecott 
moved up from 27.50, Phelps-Dodge advanced from 
28.50 price and Anaconda moved down from 32. 
Smelters who had been selling copper at 33 and 34 
came down to 32 in mid-April. Foreign copper fol- 
lowed the price trend—as indicated by the NY price 
of 32 c.i.f. quoted for Belgian copper—and it was ex- 
pected that Chilean, Rhodesian and German copper 
would also go lower. But with prices stabilizing, con- 
sumers became cautious buyers and purchases were 
narrower. Generally, most industry factors felt that 
real stabilization might not be effected before June or 
July because of continuing demand for metal. 

With elimination of NPA allocation controls on pri- 
mary copper in April (for May shipment), Govern- 
ment interference was further cut down. Freedom to 
purchase as much copper as consumers want, how- 
ever, was predicated upon previous allocation cer- 
tificates and those who had no such certificates were 
not included in the NPA order. The Government also 
was reported to be discontinuing purchases of copper 
for the national stockpile. 

Reports from abroad were that the British govern- 
ment was ready to suspend bulk buying and _ that 
trading in copper on the Metal Exchange might begin 
around August 1. 

The heaviest flow of scrap copper since mid-1950 
was noted in statistics issued for smelter consumption 
in March. The record tonnage was absorbed as a 
result of the inducement of higher prices. But by mid- 
April both smelters and ingot makers were paying 
lower prices for scrap, and some temporarily with- 
drew from the market as buyers. 

Lower copper prices resulted in a reduction in the 
price of brass and bronze ingots in mid-April. Lower 
prices for ingots were expected to influence a further 
reduction in the price of copper scrap which the ingot 
makers buy. 


Aluminum—Pricewise there was no change in alu- 
minum during the past month. The 30-lb ingot, 99 
plus, holding at 20.50¢ indicated once again that 
steadiness in aluminum quotations was a big factor 
is causing wider use of this metal. A somewhat softer 
tone, however, developed in secondary and _ scrap 
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HERMASEAL KT10 SPL. GERMANIUM ENCLOSURE 


—— 


HERMASEAL HA3T TRANSISTOR BASE 
ACTUAL SIZE 


at Hermaseal 


Let Hermaseal help you with your 
transistor mounting and protection 
problems. Our pioneering in the de- 
velopment and mass production 
of bases and sealed containers for 
solid state devices has reached the 
point where we are now able to sup- 
ply them in quantity to additional 
customers. We have solved many 
of the problems connected with 
mounting and heat and humidity 
protection of germanium diodes, 
point-contact transistors, and junc- 


1953 


tion transistors for a wide variety 
of applications. 

Hermaseal production and develop- 
ment include smaller, closer toler- 
ance hermetic seals with vastly 
improved performance characteris- 
tics. In addition we are working 
with new glasses and metal alloys. 
Our development and production 
experience are at your service. Send 
specifications and sketches of your 
transistor applications to Herma- 
seal. 


U 





are IN PRODUCTION 


THE HERMASEAL COMPANY, INC. 


1101 LAFAYETTE ST., ELKHART 15, INDIANA. — PHONE 2-3774. 
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aluminum with prices sliding off from March levels, 

The supply outlook for aluminum is bright. A 
leading producer estimated 1953 production at 2.5 
billion Ib. As an indication, February output of pri- 
mary aluminum hit over 185 million lb, highest on 
record and 28 per cent above production in February 
1952. 


Nickel—Good demand for nickel continued through- 
out the month with the metallic nickel price un- 
changed at 60¢ per lb. Recent IMC allocations for 
the United States (second quarter) came to 25,495 
metric tons. Consumption of nickel in the U. S. in 
January was 2 per cent over December. 


Lead—The price of lead dropped %¢ and by mid- 
April was 13.50¢ per lb at New York. The decline was 
largely influenced by the sharp drop in lead prices on 
the London Metal Exchange. At 13.50¢, consumers 
were buying sparingly and keeping their eyes on the 
London market. Supply was more than satisfactory; 
February figures showed refined lead stocks at the 
highest point since June 1952. 


Zinc—Surprisingly, the zinc market was steady de- 
spite easiness in London and lower prices for lead. 
While business was at a moderate level, the 11.00¢ 
East St. Louis price for Prime Western zinc held at 
mid-April. Zinc output was up in March and ship- 
ments of all grades of zinc to consumers totaled 
72,388 tons, as against 67,729 tons in February. Zinc 
stocks were also higher. 


Tin—The tin price took a nosedive during April. A 
glance at comparative figures, end of March as against 
mid-April, tells the story succinctly. On March 28, 
the price for prompt tin in the outside market was 
$1.21% per Ib (same as the RFC price); but on April 
10, it had plunged to $1.05. Some factors expected it 
to go down to $1.00. London prices crashed early in 
April and the Singapore ex-smelter price also dropped 
precipituously. The market at New York was confused 
and uncertain with consumers practically out of the 
buying picture. 

World tin output in January hit 17,300 tons, highest 
on record since end of World War II. 

On April 14, prompt tin in the outside market was 
sold at 98.50¢, or 23¢ below the price for which tin was 
sold on March 28. And predictions were that the price 
would go even lower. 


Other Metals—Magnesium held at 27¢ per lb for 
commercially pure metal; the chromium price was un- 
changed at $1.18 per lb (contract price) for the 97 per 
cent grade. NPA ended controls for pure tungsten and 
pure molybdenum. 


Steel—Steel production zoomed along at  record- 
breaking levels. Demand for sheet and strip steel was 
sharp and prices were strong all along the line. March 
steel output topped 10 million tons for the first time 
in history and industry leaders predicted capacity 

| operations through the third, possibly fourth, quarters 
with demand unabated. Pressure was concentrated 
for both hot and cold rolled strip. ooo 
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Corninc Metallized Glass Inductances 
also afford high stability. They can be 
manufactured to exacting specifications 
in uniform, variable or double pitched 
windings. Fixed tuned, permeability 
tuned or permeability tuned inductance- 
trimmer combinations can be supplied 
with appropriate cores and convenient 
mounting bushings. Automatic machin- 
ery keeps unit cost low, precision high, 


CorninG Metallized Glass Midget 
Trimmer Capacitors are produced by 
permanently bonding metal to tubes 
made of glass with practically zero 
temperature coefficients in the VHF 
range. This means negligible capac- 
ity change even with widely variable 
ambient temperatures. 

To further increase stability for 
such critical applications as high 
frequency amplifiers and oscillator 
circuits, these trimmers can be sup- 
plied with fittings for direct traverse 
trimming that permits the trimming 
slug to move in and out without 
turning. This assures negligible ca- 
pacity shift under vibration, and an 
absolutely smooth capacity curve. 
Critical tuning is simplified. 

For general high frequency uses, 
Corninc Midget Trimmer Capacitors 





Corning metallized glass 
midget trimmer capacitors 


can be furnished with more economi- 
cal rotating slugs. Both types are 
available from .3 to 12 u.u.f., or can 
be designed to meet your own par- 
ticular requirements, including split 
stators. Their compact coaxial shapes 
and convenient mounting bushings 
simplify multiple installations, as in 
multi-channel fixed tuned high fre- 
quency circuits. 

Produced on automatic machinery 
to close tolerances, CORNING Midget 
Trimmer Capacitors can be manu- 
factured in quantity with electrical 
characteristics held to very close 
limits. 

Our engineers will be glad to help 
you with whatever design assistance 
you need. For complete information, 
just clip the coupon below, or write 
and tell us your problem. 
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New Products Division 
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CORNING GLASS WORKS,Dept. EM-5, Corning, N. Y. 
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GRAHAM TRANSMISSIONS, 


INC. 


Dept. EM, Menomonee Falls, Wis. 


most reliable variable speed drive made 


ENGINEERED 
and RATED 
for "ROUND 
the CLOCK 
SERVICE 








Continuous Cast Copper Alloys 


DEVELOPMENT Of continuous casting methods for cop- 
per-base alloys at American Smelting and Refining 
Co. at Barber, N. J., offers cast bronze bar stock ready 
for machining in lengths up to 20 ft with no porosity 
and higher physical properties. The process is adapt- 
able to a variety of shapes, sections and sizes, from 
74, in. to 5% in. in diameter, with tolerances of 
+0.004 to —0.006 on OD and concentricity within 
1.5 per cent of wall thickness. 

In this process molten metal is supplied by an 
auxiliary melting furnace (left in illustration) to a 
casting crucible which is totally enclosed within the 
holding furnace and maintained under a_ nitrogen 
atmosphere. Molten metal flows by gravity from the 
holding furnace into a graphite crucible through a 
bottom feed channel to avoid delivering dirt or dross. 

Solidification of the metal takes place in a self- 
lubricating water-cooled graphite die, and is with- 
drawn from the bottom of the furnace at a predeter- 
mined rate by driving wheels. A _ traveling saw 
mounted on the extruded rod below the driving 
wheels cuts the stock to the desired length. Space 
under the furnace is sufficient to permit cutting 
lengths of 20 ft. 

Freezing of the metal from the bottom up permits 
escape of gas during solidification, while the hydro- 
static head of molten metal prevents formation of 
shrink cavities. Interior structure of the bar is thus 
sound and free from porosity. 

Bars are straightened by the same type of equip- 
ment employed for wrought rod and tube stock, with 
straightness within % in. arc depth in 5-ft length. 
Surface variations are superficial and in general no 
more than 145 in. allowance is necessary for clean-up. 

Physical properties in the continuous-cast condi- 
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In the American Smelting continuous casting process copper 
base alloys are melted in furnace at left and fed to the 
holding furnace, right, under a nitrogen atmosphere. Metal 
solidifies in a graphite mold and is withdrawn from below. 


ELECTRICAL MANUFACTURING 


le 











Teeth of SPIN-LOCK Screw Final tightening embeds 
touch bearing surface teeth in surface, assur- 
before final tightening. ing positive locking. 


That’s the unique RB&W SPIN-LOCK Screw 


This patented new screw rings the bell three times: 


Stronger....SPIN-LOCK exerts greater clamping force 
because of its heat-treated strength. It can’t loosen 
because its exclusive ratchet-like teeth lock into the 
surface, hold tighter than ordinary fasteners under 
vibration. 


Faster ...SPIN-LOCK needs no washers. It drives easily 
and quickly, even in hard-to-reach spots. No special 
handling is required —SPIN-LOCK screws can be hop- 
per-fed. 


Saves money ...SPIN-LOCK’s one-piece construction 
means there’s just one part to buy and stock. Purchas- 
ing and inventory-taking move along faster, cost less. 
Faster assembly cuts costs. Hex, pan, truss, flat heads. 








Write to Russell, Burdsall & Ward Bolt and Nut 
Company, Port Chester, N. Y., for free booklet 


containing complete data and specifications on the 
SPIN-LOCK Screw. 2 & Ape 


U.S. Pat. No. 2,253,241 


Tighter, Stronger, Surer Fastener! 


RB&W—The Complete Quality Line. Plants at: Port 
Chester, N .Y., Coraopolis, Pa., Rock Falls, Ill., Los 
Angeles, Calif. Additional sales offices at: Philadelphia, 
Pittsburgh, Detroit, Chicago, Dallas, San Francisco. 
Sales agents: Portland, Seattle. Distributors from 
coast to coast. B.3.2 
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SPECIAL — 


OBS 


AT Low TOOL COST! 


| Save moncy with Regua’s 
stock molds modified to _ 


Rogan’s stock molds greatly reduce 
your knob costs. Markings can be 
branded to fit your requirements. 
Special shaft holes at nominal 
charge. Send for details on how 
to cut knob costs. 


ROGAN BROTHERS 
8027 N. Monticello + Skokie, Ill. 


cE 


COMPRESSION MOLDERS AND BRANDERS OF PLASTICS — 





You be the judge! What you want in electrical papers, 
you'll find in Copaco-51 or Copaco-51S. Both meet all 
Class A requirements. And in both, only the finest raw 
materials are used . . . resulting in a very low percentage 
of extractables. The 51S grade, normally furnished in 
thicknesses over .010, has a synthetic resin bond giving 
maximum adhesion. 

Write for our descriptive folder, with actual 
samples of Cottrell Paper and list of Cottrell 
representatives. Address: Cottrell Paper Co., 

88 Purchase St., Fall River 1, Mass. 
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Solidified bar is pulled continuously from water-jacketed 
graphite die in furnace by drive rolls. 





Typical sections of continuous cast copper 


alloy. Small- 
diameter rods are often cast in multiple. 


tion are higher than for peer mold or sand 
castings. For example SAE 40 (85-5-5-5) rods cast 
1 in. in diameter: 


Tensile, Elong. Hardness 
psi %—2in. BHN 
Continuous Cast 45,000 28 72 
Permanent Mold 41,200 24 65 
Sand Cast 36,400 35 49 


In addition, endurance properties are 33 to 100 per 
cent higher, and the 
holes, hard and soft spots makes 
particularly on automatic machining operations, 0 0 0 


absence of impurities, blow 


machining easier 
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